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The  continued  large  demand  for  this  most  excellent 
work  of  Dr.  Foster,  has  encouraged  both  the  author 
and  editor  to  endeavor  to  render  the  present  edition 
even  more  valuable  to  the  student  of  physiology  than 
its  predecessors.  Numerous  additions,  corrections,  and 
alteratious  have  been  made,  and  it  is  believed  that  in 
its  present  form  the  usefulness  of  the  book  will  be 
found  to  be  much  increased. 

pHiLADKLrniA,  July,  1886, 
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In  pre%'ioufl  Editioim  of  tbia  work  T  endeavored,  by  tbe 
use  ot  email  and  large  print,  to  distingui^lj  between  the 
more  importaut  and  stable  portions  of  Physiology,  which 
ought  to  be  made  known  to  every  one  engaged  in  a 
serious  study  of  tbe  science,  and  tbe  less  Bottled,  oIUmi 
controverted  views  which  should  be  attacked  by  the  more 
advanced  students  only.  Experience,  however,  has  taught 
me  that  the  advantages  of  such  a  plan  are  more  than 
couuterbnlancod  by  its  disadvantages.  I  especially  felt 
that  the  amount  of  space  which  I  could  fairly  allow  to 
the  small  print  paragraphs  was  wholly  insutiicient  to 
permit  mc  to  do  junlice  to  the  conflicting  views  which 
I  strove,  in  them,  to  expound. 

Iti  this  Edition  accordingly  I  have  ma<ie  no  attempt 
at  any  such  distinction,  and  have  used  small  print  almost 
exclusively  for  the  description  of  methods  and  apparatus. 
This  step  involving,  as  it  necessarily  did,  the  transference, 
into  tbe  body  of  the  work,  of  some  of  the  statements 
which  previously  had  foimd  their  place  in  tbe  small  print 
portions,  has  given  the  volume,  at  iiret  eight,  the  appear- 
ance of  having  been  largely  altered.  This,  however,  is 
not  tbe  case.  For  good  or  for  bad,  the  book  remains 
very  much  as  it  was;  and  though  I  have  done  my  best 
to  remove  some  of  the  many  defects  present  in  previous 
editions,  I  have  been  encouraged  by  the  favor  with 
which  those  editions  have  been  successively  received,  to 
persevere  in  the  views  which  I  have  always  held  as  to 
wlach  are  the  parts  of  physiology  most  to  be  insisted  on, 
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and  which  may  be  lightly  touched  or  wholly  omitted ; 
and  though  I  would  Btill  most  strenuously  repudiate  the 
idea,  put  forward  by  some,  that  there  is  such  a  thing  us  a 
pliyaiology  for  medical  men,  different  from  that  physi- 
ology which  is  a  part  of  science,  I  have  tried  to  make  this 
volume  especially  useful  to  medical  students. 

My  decision  to  do  away  with  the  small  print  portions 
of  former  editions  has  been  largely  determined  by  the 
fact  that  my  former  pupils,  now  my  colleagues  at  Cam- 
bridge, have  undertaken  to  join  with  me  in  treating 
these  higher  or  advanced  parts  of  physiology  in  a  more 
extended  and  satisfactory  form.  And  the  hope  that  the 
result  of  their  labors  will  soon  appear  has  led  me,  in 
this  volume,  to  omit  all  references,  and  to  use  as  little  as 
possible  the  personal  authority  of  the  names  of  investi- 
gators. The  foudnesH  of  Btudents  for  the  use  of  names 
of  persons  is  iis  marked  as  the  pertinacity  with  which 
they  use  them  wrongly;  and  if  any  observer  may  feel 
aggrieved  at  his  name  being  absent  from  un  orditiary  text- 
book, he  may  at  least  have  the  Batiafaction  of  reflecting 
that  the  omission  of  all  names  does  something  to  prevent 
others  receiving  the  credit  of  his  labors. 

I  cannot  say  how  much  I  am  indebted  to  the  con- 
tinued help  of  those  friends  who  assisted  me  in  former 
editions;  and  I  have  also  to  acknowledge  with  gratitude 
the  aid  afforded  me  by  Prof.  C  S,  Roy,  to  whose  kindness 
I  owe  several  of  the  new  illustrations. 

The  appendix  on  chemical  matters,  as  in  former 
editions,  has  been  under  the  care  of  Mr.  Sheridan  Lea; 
in  this,  which  stands  on  a  somewhat  different  footing 
from  the  rest  of  the  work,  references  and  names  of  authors 
have  been  retained. 


TRTXITY   COLLKOK,  CAMnRTDOm 

fffrriMry  1888. 
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Among  the  simiiler  organisms  known  to  l>ioloeist8,  pcrhapH  Ute 
niost  simple  as  well  as  the  most  cummon  is  that  which  has  received 
the  name  (»f  Ama'bu.  There  are  many  varieties  of  amtt'ha,  ami 
probably  many  of  the  forms  which  have  been  described  are,  iu 
reality,  merely  amrebiforni  phases  iu  the  Uvea  of  certain  animals 
or  plants;  but  ihey  all  possess  the  same  general  characters. 
Closely  resembling  the  white  corpuscles  of  vertebrate  blood,  they 
are  wholly  or  almost  wholly  composed  of  undiilerentialed  proto- 

[Fio   1. 


■my 


Awurh-t  prmmifK  itioim  tii  iliffMiKnt  furm*  (A*  R,  <')  w)miiu*«I  hjr  tho  wmn  unlmal, ) 

plasm,  in  the  midst  of  which  lies  a  Ducleus,  though  this  is  some- 
times absent.  In  many  a  distinction  may  be  observed  between  a 
f*iore  solid  external  layer  or  e'Ciosarc,  ami  a  more  fluid  granular 
'nterior  or  endoaarc;  but  in  others  even  this  primary  dittereutia- 


26 


INTBODtrCTORY 


tiun  is  wanting.  By  means  of  a  oontiDually  occurring  dux  of  ita 
proloplaemio  substance*  the  amoeba  is  enabled  from  moment  to 
moment  not  only  to  change  its  form,  but  also  to  shift  its  position. 
My  tiowing  round  the  substances  which  it  meets,  it,  in  a  way, 
swallows  them  ;  and  having  digested  and  absorbed  such  parts  aa 
are  suitable  for  fo<^,  ejects  or  rather  flows  away  from  the  useless 
remnants.  It  thus  lives,  moves,  eata,  grows,  and  ai\er  n  time 
dies,  having  been  during  its  whole  life  hardly  anything  more 
than  a  minute  lump  of  protoplasm.  Hence  to  the  physiologist  it 
is  of  the  greatest  interest,  since  in  its  life  the  problems  of  physi* 
ology  are  reduced  to  their  simplest  forms. 

Now  the  study  of  an  amu^bu,  with  the  help  of  knowledge 
gained  by  the  examination  of  more  complex  bodies,  enables  us  to 
state  that  the  undiSereutiated  protoplasm  uf  which  its  body  is  so 
largely  compoiied  exhibits  certain  fundamental  phenomena  which 
we  may  speak  of  as  "  vital." 

1,  It  is  contractile.  There  can  be  little  doubt  that  the  changes 
in  the  protoplasm  of  an  am<eba  which  bring  about  its  peculiar 
"amri>boid*'  movements,  are  identical  in  their  fundamental 
nature  with  thr)se  which  occurring  in  a  muscle  cause  a  contrac- 
tion :  a  muscular  contraction  is  essentially  a  regular,  an  ammboid 
movement  an  irregular  flow  of  protoplasm.  The  substance  of  the 
ama'ba  may  therefore  be  said  to  be  contractile. 

2.  It  is  irritable  and  antomatic.  When  any  disturbance, such 
as  contact  with  a  foreign  body,  is  brttught  to  bear  on  the  amieba 
at  rest,  movenienls  reeull.  These  are  not  passive  movements,  the 
eflectfl  of  the  push  or  pull  of  the  disturbing  hiMly.  proportionate 
to  the  force  employed  U:>  cause  them,  but  active  manifestations^  of 
the  contractility  of  the  protuplaam — that  is  ti»  say,  the  disturbing 
cause,  or  "stimulus."  sets  free  a  certain  amount  of  energy  pre- 
viously latent  in  the  protoplasm,  and  the  energy  set  free  takes 
on  the  form  of  movement.  Any  living  matter  which,  when 
acted  on  by  a  stimulus,  thus  suffers  an  explosion  of  energy,  is 
said  to  be  '*  irritable."  The  irritability  may,  as  in  the  amieba, 
lead  to  movement;  but  in  some  cases  no  movement  follows  the 
application  of  the  stimulus  to  irritable  matter,  the  energy  set  free 
by  the  expliMiou  taking  on  some  other  form  than  movement — 
ex.  yr.,  heat.  Thus  a  substance  may  be  irritable  and  yet  not 
contractile,  though  contractility  is  a  very  common  raanifesuiion 
of  irritiibility. 

The  am.eba  (except  in  itj*  prolonged  quie^soent  eUge)  is  rarely 
at  reaU     It  in  almost  continually  in  moti<nu-    Tbe  roDvemeniB 
cannot  iilways  be  referred  to  cliunges  it)       fturroei^Q)ng  cucum- 
BlaQcett  acting  as  stimuli ;  in  many  caiiea  th-^  euer  %i  « *«^  free  w 
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ouseiiuence  of  intornal  (Changes,  and  the  movement  which  result 
ire  collefl  sponiaDeouB  or  autontatic  movcmentB.  Wo  may  there- 
Tore  speak  of  the  pnttoplusm  nf  the  amrrlm  a8  being  irritable  and 
automatic.  ^ 

^,  3.  It  is  receptive  :id<)  aAsimilative.  Certain  hubettaQcee  »erv- 
^Bng  as  if)0(\  are  rccoiveil  into  the  body  of  the  umirha,  and  there 
^Hn  large  measure  di^Aolved.  The  dissolved  fmrtiona  are  ttubse- 
^Pquently  converU^d  frotri  tleoil  food  into  new  living  priitt>pla8m, 
and  become  part  and  |>arcel  uf  the  aubfitance  of  the  am(i>bu. 

4.  It  is  metabolic  mid  secretory.     Pari  jmimu  with  the  recep- 

iiou  of  Dew  material,  there  is  going  on  an  ejection  of  old  material. 

for  the  increase  ni'  the  anio'ha  by  the  addition  of  fo<xi  is  not 

indefinite.     In  other  words,  the  protoplasm  is  continually  under- 

[oing  chemical  change  (metabolism),  room  being  made  for  the 

lew  protoplasm  by  the  breaking  up  of  tlie  old  protoplasm  into 

jroducts  which  are  cast  out  of  the  ImhIv  and  got  rid  of.     These 

"^producU  of  metabolic  action  have,  in  many  cases  at  all  events, 

.aub«idi&ry  uses.     .Some  of  them,  for  instance,  we  have  reason  to 

think,  are  of  value  for  the  purpose  of  dissolving  and  eflecting 

nher  preliminary  changes  in  the  raw  i'tyod  introduced  into  the 

bo<ly  of  the  umieba;  anti  hence  are  retained  within  the  body  for 

(some  little  tin»e.     Such  products?   are  generally  spoken  of  as 

secretions."     Others  which  pass  more  rapidly  away  are  gener- 

|mlly  called  '* excretions,'*     The  distinction  between  the  two  is  an 

unimportant  and  frequently  accidental  one. 

The  energy  expended  in  the  movementa  of  the  ama>ba  is  sup- 
iplied  by  the  chemical  changes  going  on  in  the  protoplasm,  by 
the  breaking  up  of  bodies  {>o8ses8ing  much  latent  energy  into 
bodies  possessing  less.  Thus  the  metabolic  changes  which  the 
f*iod  (as  distinguished  from  the  undigested  stuff  mechanically 
lodged  for  a  while  in  the  body)  un<iergoe8  in  parsing  through  the 
protoplasm  of  the  ama-ba  are  of  three  classes  :  those  preparatory 
ti*  and  culminutiug  in  the  conversion  of  the  food  into  protoplasm, 
those  concerned  in  the  discharge  of  energy,  ami  those  tending  to 
(economize  the  immediate  products  of  the  second  class  uf  changes 
by  rendering  them  more  or  lees  useful  in  carrying  out  the  first 

0.  It  is  respiratory  Taken  as  a  whole,  the  metabolic  changes 
^re  preeminently  proce^ssea  of  oxidation.  One  article  of  food — i.  e.. 
one  substance  taken  into  the  lM)dy,  viz., oxygen,  stands  apart  from 
*ll  the  rest,  and  one  product  of  metabolism  peculiarly  ass^Kiated 
With  oxidation,  viz.,  carlxjuic  acid,  stands  also  somewhat  apart 
•Wmi  all  the  rest.  Kencie  the  assumption  of  oxygen  and  the 
*J*cretlou  of  carbonic  acid,  together  with  such  of  the  metabolic 
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piuettM  M  are  more  especially  oxidative,  are  frequently  spoken 
of  together  a«  coDstitutiog  the  respiratory  proceiMs. 

C.  It  is  reproductive.  The  individual  amceba  represents  a 
unit.  Tliia  unit,  at'Wr  &  hm^er  or  fchurter  life,  having  increased 
in  BiZAi  liy  the  nddiiion  of  new  protoplasm  in  excess  of  that  which 
It  is  continually  using  up,  may,  by  Hssiun  (or  by  other  means) 
resfjlve  itself  into  two  (or  more)  part?,  each  of  which  is  capable 
of  living  as  a  fresh  unit  or  individual. 

8uch  are  tho  fundamental  vital  qualities  of  the  protoplasm  of 
an  amoDba;  all  the  facts  of  the  life  of  an  amreba  are  manifesta- 
tions of  thefc  protoplasmic  qualities  in  varied  sequence  and  sub- 
ordination. 

The  higher  animals,  we  learn  from  mnrphological  studies,  may 
)>e  regarded  as  groups  of  amo-bii.'  (leculiarly  aBd(»ciated  together. 
All  (he  phyEtiological  phenomena  of  the  higher  animals  are  simi- 
larly the  re«ulti>  of  these  fundamental  qualities  of  protoplasm 
pt'ouliarly  a3^>cirtted  i«ig«'ther.  The  dominant  principle  of  this 
aseociation  is  the  phv^^iologioal  division  of  labor  corresponding  to 
the  mori>hologicjil  differentiation  of  structure.  AVerc  a  larger  or 
"  higher  "  animal  to  consist  simply  of  a  colony  of  undiHerentiated 
ama'bip,  one  auinml  differing  from  another  merely  in  the  number 
of  units  making  up  the  mass  of  its  kxly,  without  any  differences 
between  the  indivi<lual  units,  progress  of  function  would  be  an 
imfK)mil>ility.  The  accunuilation  of  units  would  be  a  hindrance 
lo  welfare  rather  than  a  help.  Hence,  in  the  evolution  of  living 
beings  through  pai^t  timce,  it  hus  come  about  that  in  the  higher 
animals  (and  plnnt«i  certain  grou|)Sof  the  constituent  ama>bifi)rra 
units  ur  c(^IIh  hiiVL\  in  company  with  a  change  in  structure,  been 
set  apart  for  the  i»ianif**station  of  certain  only  of  the  fundamental 
properties  of  protoplasm,  to  the  exclusion  or  at  least  to  the 
complete  suhonlintition  of  the  other  properties. 

These  grou|m  of  cells,  thus  distiuguishe*!  from  each  other  at 
once  by  the  ditferentiation  of  structure  and  by  the  more  or  less 
marked  exclusiveness  of  function,  receive  the  name  of  "tissues." 
Thus  the  units  of  one  cinss  are  characterized  by  the  exaltation  of 
the  contractility  of  their  protoplasm,  their  automatism,  meta- 
bolism, and  reproduction  iK^ing  kept  in  marked  abeyance.  These 
units  constitute  the  so-eallod  niuscular  tissue.  Of  another  tissue, 
visL,  the  nervous,  the  marked  features  are  irritability  and  auto- 
matism, with  an  almost  complete  absence  of  contractility  and  a 
great  restriction  of  the  other  qualities.  In  a  third  group  of 
units,  the  activity  of  the  protoplasm  is  largely  confined  to  the 
chemical  changes  of  secretion,  contractility  and  automatism  (as 
tnanifestetl  by  movement  f  being  either  absent  or  existing  to  a 
very  slight    degree.      Such   a  secreting    tissue,  consisting  of 
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epitheliutu-cella,  forms  the  l>Bsi8  of  the  raucous  membrane  of  the 
iiliinentary  canal.  In  the  kulney.  the  substancoi*  Beorele<l  by  the 
cells,  being  of  na  further  ii:?e,  are  at  once  ejected  from  the  b<>*ly. 
Hence  the  renal  tiesue  iiiuy  be  Bpokeu  of  as  excretory.  In  the 
epithelium-cella  of  the  lungs,  the  prottijilasiii  plays  an  altogether 
subonlinate  })art  in  the  ftasurapliun  of  oxy^reu  and  the  excretion 
of  carbonic  aciri.  Still,  we  may  (lerhaps  l>e  permitted  to  speak 
of  the  pulmonnry  epitbeliuni  as  a  respiratory  tissue. 

In  addition  to  these  distinctly  secretory  or  excrettjry  liasuee, 
there  exist  groups  of  cells  specially  reserved  for  the  carrying  ou 
of  chemical  changes,  the  products  of  which  are  neither  cast  out 
of  the  body,  nor  collected  in  cavities  for  digestive  or  other  uses. 
The  work  of  these  cells  seems  to  be  of  an  intermediate  character  ; 
they  are  engaged  cither  in  elaborating  the  material  of  food  that 
it  may  be  the  more  easily  n^imilated,  or  in  preparing  used-up 
mnterial  for  final  excretion.  They  receive  their  materials  from 
the  blood  and  returu  ibeir  pnxiucts  back  to  the  blood.  They 
may  be  called  the  metabolic  tissues  pur  excellence.  Such  are  the 
fat-cells  of  adipose  tissue,  the  hepatic  cells  (as  far  as  the  work  of 
the  liver  other  than  the  secretion  of  bile  is  concerned ),  and 

Iirobably  many  other  cellular  elements  in  various  regions  of  the 
»ody. 

Each  of  the  various  units  retains  to  a  greater  or  loss  degree 
the  power  of  reproducitig  itself,  and  the  tissues  generally  are 
capable  of  regeneration  in  kind.  But  neither  unite  nor  tissues 
can  reproduce  other  parts  of  the  organism  than  themselves,  much 
less  the  entire  organism.  For  the  reprtxluction  of  the  complex 
individual,  certain  units  are  set  apart  in  the  form  of  ovary  and 
testia.  In  these  all  the  properties  of  protoplasm  are  distinctly 
subordiualeil  to  the  work  of  growth. 

Lastly,  there  are  certain  groups  of  units,  certain  tissues,  which 
are  of  use  to  the  body  of  which  they  form  a  part,  not  by  reason 
of  their  manifesting  any  of  the  fundamt;nLal  tiualiticj^  of  proto- 
plasm, but  ou  acc<»unt  of  the  physical  and  mechanical  properties 
of  certain  suhstanc^is  which  iheir  protoplasm  has  been  able  by 
virtue  of  its  metabolism  to  manutacture  and  t*^  deposit.  Such 
tissues  are  bone,  cartilage,  connective  tissue  in  large  part,  and  the 
greater  portion  of  the  skin. 

We  may,  therefore,  consider  the  complex  body  of  a  higher 
animal  as  a  com[>ouiid  of  bo  many  tissues,  each  tissue  correspond- 
ing to  one  of  the  fumlaniental  tonalities  of  protoplasm,  to  the 
development  of  which  it  is  specially  devoted  by  the  division  of 
labor.  It  must,  however,  be  remembered  that  there  is  probably 
a  distinct  limit  to  the  division  of  labor.  In  each  and  every 
tissue,  in  addition  to  its  leading  quality,  there  arc  more  or  less 
prooouuced  remnants,  or  at  least  some  traces  of  all  the  other 
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protoplasmic  qnalities.  Thu9,tbougb  we  muy  call  oDe  tiesue  par 
excelietiee  mclflbolic,  all  the  tiseuee  are  to  u  grejiter  or  lees  extent 
metabolic.  The  energy  of  each,  whatever  be  its  particular  nn^MJe, 
has  it£  source  in  the  breaking-up  of  the  protoplasm.  Chemical 
chanees,  including  thca^umptiou  of  oxygen  and  the  production 
complete  or  partial  of  carbonic  acid,  and  therefore  also  entailing 
a  certain  amount  of  secretion  and  excretion,  must  take  place  in 
each  anil  every  tissue.  And  so  with  all  the  other  fundamental 
properties  of  protoplosm ;  even  contractility,  which  for  obvious 
mechanical  reasons  is  sooneat  reduced  where  not  wanted,  is 
present  in  many  other  tissues  besides  muscle.  And  it  need 
oanJly  be  eaid  that  each  tissue  retains  the  power  of  assimilation. 
However  thoroughly  the  material  of  food  be  prejwred  by  diges- 
tion and  subsequent  metabolic  action,  the  last  stages  of  lis  con- 
version into  livine  protoplasm  are  etfecte<l  directly  and  alone  by 
the  tiesue  of  whicn  it  is  about  to  form  a  part. 

Bearing  this  qualification  in  mind,  we  mav  draw  up  a  physio- 
logical classificulion  of  the  btxly  into  the  following  fundamental 
tissues: 

1.  The  eminently  contractile:  the  muscles. 

2.  The  eminently  irritable  and  automatic:  the  nervous  systetnJ 

3.  The  eminently  secretory,  or  excretory :  digestive,  urinary,- 
and  pulmonary,  etc.,  epithelium. 

4.  The  eminently  metabolic:  fkt-cells,  hepatic  cells,  lymphatic 
and  ductless  glands,  etc. 

6.  The  eminently  reproductive:  ovary,  testis. 

6.  The  inditfereut  or  mechauical :  cartilage,  bone,  etc. 

All  these  sepanite  tissues,  with  their  individual  characters,  are, 
however,  but  parts  of  one  body;  and  in  order  that  thev  may  be 
true  members  working  harmoniously  for  the  good  of  tKe  whole, 
and  not  isolated  maj^ses  each  serving  its  own  ends  only,  they  need 
to  be  bound  together  by  coordinating  bonds.  Some  mcane  of 
communication  must  necessarily  exist  between  them.  In  the 
mobile  homogeneous  body  of  the  amoeba,  no  special  means  of 
communication  are  required.  Kimple  ditfusion  is  sutiicient  to 
make  the  material  gained  by  one  part  common  to  the  whole 
roasB,  and  the  native  protoplasm  is  physiulogically  continuous,  so 
that  an  explosion  set  up  at  any  one  point  may  be  immediately 
propagated  throughout  the  whole  irritable  substance.  In  the 
higner  animals,  the  several  tissues  arc  separated  by  distances  farj 
too  great  for  the  slow  process  of  di^uaiou  to  serve  as  a  sufficieni 
means  of  communication,  and  their  primary  physiological  con- 
tinuity is  broken  by  their  being  embedded  in  masses  of  formed 
roateruil,  the  product  of  the  iDdilfiTent  ttseucs,  which  being  de- 
voidofi    ■    '   '  ■^  ,T  an  effectual  barrier  to  the  propagation 

of  Dio)  It  thus  becomes  necessary  that  in  the 


INTRODUCTORY. 


31 


increasing  complesEity  of  aoimal  forms,  the  nrocees  of  diHerentia- 
tioD  should  be  accompanied  by  a  c<irrcpponding  integratioii,  that 
the  iaulated  tii^sues  should  he  made  n  wliole  by  bondfl  uniting 
them  together.     These  bonds,  moreover,  must  bo  of  two  kinds. 

In  the  first  place,  there  must  be  u  ready  and  rapid  distribution 
and  interchange  of  material.  The  contractile  tiasues  must  be 
abundantly  supplied  with  matt^rial  best  adapte<l  by  previous 
elaboration  for  direct  asairaiiatiou.  and  the  waste  products  arieing 
from  their  activity  must  be  at  once  carried  away  to  the  metabolic 
or  excretory  tissues.  And  so  with  nil  the  other  tissues.  There 
must  be  a  free  and  8|>€edy  intercourse  of  material  between  each 
and  all.  This  is  at  nuce  and  most  easily  eH'ected  by  the  regular 
circulation  of  a  common  fluid,  the  blood,  into  which  all  the 
elaborated  food  it$  discharged,  from  which  each  tissue  seeks  what 
it  needs,  and  to  which  each  returns  that  for  which  it  has  no 
longer  any  use.  The  carrying  on  such  a  circulation  of  fluid, 
being  in  large  measure  a  mechanical  matter,  needs  a  machinery, 
and  calls  forth  an  expenditure  of  energy.  The  machinery  is 
eupplit'd  by  a  stpeciul  construction  of  the  primary  ti&itues,  and  the 
energy  is  arranged  for  by  the  presence  among  these  of  contractile 
and  irritable  matter.  Thus  to  the  fundamental  tissues  there  is 
a<lded,  in  the  higher  animals,  a  vascular  bond  in  the  shape  of  a 
mechanism  of  circulation. 

In  the  second  place,  no  less  important  than  the  interchange  of 
material  is  the  interchange  of  energy.  In  theamceba  the  irritable 
surface  is  physiologically  continutms  with  the  more  internal  pro- 
toplasm, while  each  and  every  part  of  the  body  hai*  aulnnmtic 
powers.  In  the  higher  animal,  portions  only  of  the  skin  remain 
as  endnently  irritable  or  sensitive  structures,  while  automatic 
actions  are  chiefly  confined  to  a  central  mass  of  irritable  nervous 
matter.  Both  forms  of  irritable  matter  are  separated,  by  lung 
tracts  of  inditferent  material,  from  those  contractile  tissues 
through  which  they  chiefly  manifest  the  changes  going  on  in 
themselves.  Hence  the  necessity  for  long  strands  of  eminently 
irritable  tissue  to  connect  the  skin  and  contractile  tissues  as  well 
with  each  other  as  with  the  automatic  centres.  Similar  strands 
are  also  needed,  though  perhaps  less  urgently,  to  connect  the 
other  tissues  with  these  and  with  each  other.  To  the  vascular 
bond  there  must  be  added  an  irritable  bond,  along  the  strands  of 
which,  impulses  set  up  by  changes  in  one  or  another  part,  may 
travel  in  determinate  courses  for  the  regulation  of  the  energy  of 
distant  spots.  In  other  words,  part  of  the  irritable  tissues  must 
be  specially  arranged  to  form  a  cofirdinating  nervous  system. 

Still  further  complications  have  yet  to  be  considered.  In  the 
liie  of  a  miuute  homogeneous  aniwba,  possessing  no  special  form 
or  structure,  there  is  little  scope  for  purely  mechanical  oj>era- 


32 


INTROPUCTORV 


tiona.  As,  however,  we  trace  out  tbe  gradual  develnpnient  of  the 
more  coiuplex  animal  forms,  we  see  coming  forward  into  greater 
and  greater  prominence  the  arrangement  of  the  liesues  in  fiefioite 
ways  to  secure  meohnnioal  ends.  Thus  the  entire  bcwly  acquires 
particular  shapes,  and  parts  of  the  body  are  built  up  into  uiechau- 
isms,  the  aetions  of  which  are  to  the  advantage  of  the  individual. 
Into  the  composition  of  these  mechanisms  or  "  organs  "  the  active 
fundamental  tissues,  as  well  as  the  passive  or  indifiereut  tissues, 
enter;  and  tlie  working  of  each  mechuninni,  the  function  of  each 
organ,  is  dependent  partly  on  the  mechanical  conditions  ottered 
by  the  passive  elements,  partly  on  the  activity  of  the  active  ele- 
nientfl.  The  vascular  mechanism,  of  which  we  have  just  8[>oken. 
is  such  a  mechanism.  Similarly  the  urgent  necessity  for  the 
access  of  oxygen  to  all  parta  of  the  body,  has  given  rise  to  a 
complicated  respiratctry  mechauiem ;  and  the  needs  of  copious 
alimentation,  to  an  alimentary  or  digestive  mechanism. 

Further,  inasmuch  as  muscular  movement  is  one  of  the  chief 
ends,  or  the  must  important  mean?  to  the  chief  ends,  of  nnimal 
life,  we  find  the  animal  b(Miy  abounding  in  motor  mechanisms, 
in  which  the  prime  nKtver  is  muscular  contraction,  while  the 
machinery  is  supplied  by  complicated  arrangements  of  muscles 
with  such  iudiii'ereut  tissues  as  bone,  cartilage,  and  teudon.  In 
fact,  the  greater  part  of  the  animal  body  is  a  collection  of  mus- 
cular maehiues,  some  serving  for  locomotion,  others  for  special 
raanopuvrea  of  particular  members  and  parts,  others  as  an  assist-l 
aace  to  the  senses,  and  yet  others  for  the  production  of  voice,  and, 
in  man,  of  speech. 

Ltastly,  the  simple  automatism  of  the  ama*ba,  with  its  simple 
responses  to  external  stimuli,  is  replaced  iu  the  higher  animals 
by  an  exceedingly  complex  volition  affected  m  multitudinous 
ways  by  intluences  from  the  world  without:  and  there  is  a  cor- 
respondingly complex  central  nervous  system.  And  here  we 
meet  with  a  new  form  of  differentiation  unknown  elsewhere. 
While  the  contrnctility  of  the  anuebal  protoplasm  differs  hut 
slightly  from  the  contractility  of  the  vertebrate  s-triated  muscle, 
there  is  an  enormous  difference  between  the  simple  irritability  ut 
the  aniiL'bu  and  the  complex  action  of  tbe  vertebrate  nervous 
system.  Excepting  the  nervous  or  irritable  tissues,  the  funda- 
mental tissues  have  in  all  animals  the  same  properties,  being,  it 
is  true,  more  acute  and  perfect  in  one  than  in  another,  but  re- 
maining fundamentally  the  same.  The  elementary  muscular 
fibre  of  u  maininal  is  a  mass  rtf  difi'erentiated  protoplasm,  forming 
a  whole  physiologically  eontinuouB.  and  in  no  way  wiustituting 
a  mechanism.  Each  tibrt'  is  a  counterpart  of  all  others  ;  and  the 
muscle  ot  one  aniraat  differs  from  that  of  another  in  such  paivi 
ticulars  only  aa  are  wholly  subordinate.     In  the  nervous  titeui 
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I'f  the  higher  animals,  on  the  contrary,  we  find  properties  un- 
known to  thoAe  of  the  lower  ones  ;  and  in  proportion  us  we  aacend 
the  acalo,  we  observe  an  increasing  diflercntiation  of  the  nervous 
ftysteru  intu  unlike  parta.  Thus  we  have,  what  dites  not  exist  in 
any  other  tissue,  a  nicchanieni  of  nervous  tissue  itself,  a  ecntral 
nervous  mechanism  of  complex  structure  and  complex  t'unction, 
the  complexity  of  which  ia  due  not  primarily  to  any  mechanical 
arrangemenis  of  its  parts,  but  to  the  further  diderentiatiou  oi' 
that  fundamental  quality  of  irritability  ami  automatism  which 
belongs  to  all  irritable  tissues,  and  to  all  native  protoplasm. 

In  the  following  pages  I  pntpose  to  consifler  the  facts  of  phys- 
iology very  much  according  to  the  views  which  have  been  just 
sketched  out.  The  fundamental  prupertics  of  most  of  the  ele- 
mentary tissues  will  Brst  be  reviewed,  and  then  the  various 
special  mechanisms.  It  will  be  found  convenient  to  inlr<Kluce 
early  the  account  of  the  vasciilar  mechanism,  and  of  its  nervous 
coordiuating  mechanism,  while  the  mechanisms  of  rtspiration 
and  alimentation  will  be  beat  considered  in  cnuneetion  with  the 
respiratory  and  secretory  tissues.  The  description  of  the  purely 
motor  mechanisms  will  be  brief;  and,  save  in  a  few  instanccrf, 
coafined  to  a  statement  of  general  principle?.  The  special  func- 
tions of  the  central  nervous  eystem,  including  the  sensps,  must 
of  necessity  be  considered  by  themselves.  The  tissues  and 
mechanism  of  reproduction  and  the  phenomena  of  the  decay  and 
death  of  the  organism  will  naturally  form  the  subject  of  the 
closing  chapters. 
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in,  when  flowing  in  a  uormnl  condition  through  the  hlood- 
\,  coneists  of  an  almost  colorless  fluid,  ihe  plasnin,  iu  which 
suBpcnilcd  a  numher  of  more  solid  bodioa,  the  red  and  while 
corpuscies.  Were  we  anxious  to  give  a  formal  corapJetenese  to 
the  classification  of  the  various  pHrts  of  the  bodv  into  tissues,  we  , 
might  speak  of  the  blood  as  a  tissue  of  which  the  corpuscles  are 
the  essential  cellular  elements,  while  the  plasma  is  a  liquid 
matrix.  We  might  compare  it  to  a  cartilage,  the  firm  matrix  of 
which  had  become  completely  liquefied  so  that  the  cartilnge- 
corpusclcs  were  perfectly  free  to  move  about. 

In  regarding  blood  as  tissue,  however,  we  come  upon  the  diffi- 
culty that  it,  unlike  all  the  other  tissues,  possesses  no  one  char- 
acteristic property.  The  p^o^)plasm  of  the  white  corpuscles  is 
native  undifterentiate<i  protoplasm,  in  no  respect  fitted  for  any 
special  duty  ;  and  though,  as  we  shal!  see.  the  red  corpuscles  have 
*  definite  re8[)irator}'  function,  inasmuch  as  they  are  carriers  of 
ijxyjjen  from  the  lungs  to  the  several  ti.'«»ue8,  stilt  this  ref»piratory 
^'>rK  is  only  one  of  the  very  many  labors  of  the  blood.  It  will 
b«  therefore  far  more  profitable,  indee<l  necessary,  to  treat  of  the 
blood,  not  as  a  tissue  by  itself,  but  a;*  the  great  means  of  com- 
"^unication  of  material  between  the  tissues  proj)erly  so  called.  Its 
^**i  usefulness  lies  not  so  much  iu  any  one  proi>erly  of  either  its 
^'pastries  or  its  plasma,  as  in  its  nature  fitting  it  to  serve  as  the 
^^^^t  medium  of  e-xchange  between  all  parts  of  the  body.  Th« 
^^piive  tissues  pour  into  it  the  material  which  they  have  re- 
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corpuscles.  The  fibrils  are  com{>c»ed  of  a  subetaDce  called  fihrin, 
(Fig.  4.)  Hence  we  may  speak  of  the  clot  as  consisting  of  Obrin 
and  corpuBcles ;  and  the  act  of  clotting  or  coagulation  is  obvi- 
ously a  conversion  of  the  naturally  fluid  portion  of  tlie  blood  or 
plasma  into  tibrin  and  serum,  followed  by  separation  of  the  fibrin 
and  corpuscles  from  the  serum. 

In  man,  blood  when  shed  becomes  viscid  in  about  two  or  three 
minutes,  and  enters  the  jelly  stage  in  about  five  or  ten  minutes. 
After  the  lapse  of  another  few  minutes  the  first  drops  of  serum 
are  seen,  and  coagulation  is  generally  complete  in  from  one  to 
several  hours.  The  times,  however,  will  be  found  to  vary  accord- 
ing to  the  condition  of  the  individual,  the  temperainre  of  the 
air,  and  the  size  and  form  of  the  vessel  into  which  the  blood  is 
shed.  Among  animals  the  rapidity  of  coagulatitm  varies  exceed- 
ingly in  different  species.  The  bimx)  ot  the  horse  cpagulates 
with  remarkable  elowness;  so  slowly,  indeed,  that  many  of  the 
red  corpuscles  (theses  being  specifically  heavier  than  the  plasma) 
have  time  to  sink  before  viscidity  sets  in.  In  consequence  there 
appears  on  the  surface  of  the  blood  an  upper  layer  of  colorless 
plasma,  containing  in  its  deeper  |>ortion8  many  colorless  corpus- 
cles (which  are  higher  than  the  red).  This  layer  clots  like  the 
other  parts  of  the  blo(Kl,  forming  the  so-called  **  huffy  coat."  A 
similar  huffy  coat  is  sometimes  seen  in  the  blood  of  man,  in 
inflammatory  conditions  of  the  body. 

This  bufly  coat  makes  its  appearance  in  horse's  blood  even  at 
the  ordinary  temperature  of  the  air.  If  a  portion  nf  horse's  blwxl 
be  surrounded  by  a  cooling  mixture  of  ice  and  salt,  and  thus  kept 
at  about  0^  C,  coagulation  may  be  almost  indefinitely  postpoue<J. 
Under  these  cirou instances  a  more  complete  descent  of  the  cor- 
puscles takes  place,  and  a  considerable  quantity  of  colorless, 
transparent  plasma  free  from  blood  corpuBclee  may  be  obtained. 
A.  portion  of  this  plasma  removed  from  the  freezing  mixture 
clots  exactly  as  does  the  entire  blood.  It  first  becomes  viscid  and 
then  foims  a  jelly,  which  subsequently  separates  into  a  colorless 
shrunken  clot  and  scrum.  This  shows  that  the  corpuscles  arc 
not  an  essential  part  of  the  clot. 

If  a  few  cubic  centimetres  of  the  same  plasma  be  diluted  with 
50  timet)  its  bulk  of  a  0.6  per  cent,  solution  of  sodium  chloride,* 
coagulation  is  much  retarded,  and  the  various  stages  may  be 
luore  easily  watcheil.  As  the  fluid  is  becoming  viscid,  fine  fibrils 
of  fibrin  will  be  seen  to  be  developed  in  it.  esfH'cially  at  the  Hides 
of  the  containing  vessel.  As  these  fibrils  multiply  in  number, 
the  fluid  becomes  more  and  more  of  the  consistence  of  a  jelly,  and 
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the  ffftne  time  somewhat  opaque.    Stirred  or  pulled  about  willi 

needle,  the  fibrils  ^briuk  up  into  a  nmnll,  opnt^iie.  Mlrin^'V  niaPi? ; 
and  a  very  eunaiderable  bulk  of  the  jelly  nmy  by  a»,'itiuion  be 
rtiHitlvwl  into  a  minute  fragment  of  shrunken  fibrin  floating  in  a 
ijuaotily  iif  what  is  really  diluted  aeriim.  Jf  a  Bf)e('iiuen  of  such 
diluted  plasnm  be  tjtirred  from  time  to  time,  n8  8oou  as  coagula- 
tion beginis,  with  a  needle  or  gla»9  rtid,  the  fibrin  may  be  removed 
piecemeal  as  it  form:*,  and  tbe  jelly  atai:e  may  be  altogether  done 
awny  ^ith.  Wlten  fresh  bK>od  which  has  not  yi*t  had  time  to 
coagulate  ia  stirred  or  whipped  with  a  bundle  of  rodn  (itr  anything 
presentin);  a  lar^e  amount  of  mufjh  flurfaee),  no  jellydike  coagu- 
lation takes  place,  but  the  rods  become  covered  with  a  maas  of 
shniukeu  fibrin.  Hlood  thuH  w)iippe<l  until  fibrin  ceunes  to  be 
<ieposiled,  is  found  to  have  entirely  hwt  its  power  of  coagulation. 

Puttiiijf  all  ihw-e  facts  together,  it  is  very  clear  that  the  phe- 
nomena of  the  onagtdation  of  blood  are  caused  by  the  appearance 
in  the  plasma  of  fine  fibrils  of  fibrin.  As  long  as  these  are 
scantv,  the  blood  is  simply  vii»ci<l.  When  they  become  suffi- 
cientfy  numerous,  they  give  the  blood  the  firmness  of  a  jelly, 
Swm  after  their  formation  they  begin  to  shrink;  and  in  their 
shrinking  enchase  in  tht-ir  meshes  the  corpurtcles,  Lul  sijueeze  out 
the  fluid  parts  of  the  blood,      lleuce  the  iip[H-urance  of  the 

unken  colored  clot  and  the  colorless  scrum. 

Fibrin,  whether  obtained  by  whipping  freshly  shed  blood,  or 
by  wanhing  either  a  normal  clot,  or  a  clot  obtained  from  colorless 
plasma,  exhibits  the  same  general  characters.  It  belongs  to  that 
ciaas  of  complex,  unstable,  nitrogenous  bodies  called  y>ro/ri</j*, 
which  form  a  large  portion  of  all  living  bodies  nD<l  an  essential 
jmrl  id'  all  protoplasm.'  It  gives  the  ordinary  nroteid  reactions. 
Ii  is  insotuhle  in  water  and  in  dilute  saline  solutions ;  and  though 
It  swells  up  in  dilute  hydrochloric  acid,  it  is  not  thereby  appre- 
ciably dissolved.' 

OjagulattoQ,  then,  is  brought  about  by  the  appearance  iu  the 
bbmd-plasma  of  a  Bubeiance,  fibrin,  which  previ<)usly  did  not 
exist  there  an  such.  Surh  a  substance  must  have  antecedents,  or 
au  antece<leDt — What  arc  they,  or  what  is  it? 

If  blood  be  rtH'i.'ivrd  direct  from  the  blfHidveascls  into  one-third 
its  bulk  of  a  i^aturuted  solution  of  some  neutral  salt,  such  as  mag- 
uesiuni  sulphate,  and  the  two  gently  but  thoroughly  mixed,  coagu- 
lation, esj^ecially  at  a  moderately  low  tempemturo,  will  be  deferred 
for  a  very  hmg  lime.  If  the  mixture  be  allowed  to  citaud.  the  cor- 
pusdts  will  sink,  and  a  colorh.^s  [tiasma  will  be  obtained  similar 
to  the  pinsmu  gained  from  horses  blood  by  cold,  except  that  it 
contains  an  exc<«fl  of  the  neutral  salt.   The  presenoe  of  the  neutral 
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salt  hfxa  acted  in  the  same  direction  as  cold  ;  it  has  prevented  the 
cHTcurrence  of  coagulation.  It  Uss  not  dtestroved  the  tibria;  for 
if  some  of  the  plasma  be  diluted  with  from  five  to  ten  times  its 
bulk  of  water,  it  will  coagulat-e  speedily  iu  quite  a  normal  fasbiou, 
with  the  prnduction  of  quite  nornml  fibrin. 

If  some  of  the  colorlej^s,  trausparcut  plasma,  obtained  either 
by  the  action  of  neutral  salts  from  any  blood,  or  by  the  help  of 
cold  from  horse's  blood,  be  treated  with  smiie  solid  neutral  salt. 
euch  as  sodium  chloride,  to  saturalion.  n  white,  flaky,  somewhat 
sticky  precipitate  will  make  its  appearance.  If  this  precipitate 
be  removed,  the  fluid  is  no  longer  coagulable  (or  very  slightly 
SO),  even  though  the  neutral  salt  present  he  removed  by  dialysis, 
or  its  influence  lessened  by  dilution.  With  the  removal  of  the 
substance  precipitated,  the  plasma  has  lost  its  power  of  coagu- 
lating. 

If  the  precipitate  itself,  aAer  being  washed  with  a  saturated 
solution  of  the  neutral  salt  'in  which  it  is  insoluble)  so  as  to  get 
rid  of  nil  &enim  aud  other  constituents  of  the  plasma.  I>e  treated 
with  ft  small  quantity  of  water,  it  readily  dissolves,'  and  the  solu- 
tion rapidly  filtered  gives  a  clear,  colorless  filtrate,  which  is  at 
first  iierfectly  fluid.  .Soon,  however,  the  fluidity  gives  way  to 
viscidity,  and  this  in  turn  to  a  jelly  condition,  and  finally  the 
jelly  shrinks  into  a  clot  floating  iu  a  clear  fluid;  iu  other 
words,  the  filtrate  clots  like  plasma.  Thus  there  ia  present  in 
cooled  plasma,  and  iu  plasma  ke])t  from  clotting  by  the  presence 
of  neutral  salts,  a  something,  prccipitable  by  saturation  with 
neutral  salts,  a  somethiug  which,  since  it  is  soluble  in  very  dilute 
saline  solutions,  cannot  be  fibrin  itself,  but  which  in  solution 
speedily  gives  rise  to  the  appearance  of  fibrin.  To  this  substance 
its  discoverer,  Denis,  gave  the  name  of  pia^mitit.  We  are  justified 
in  saying  that  the  etmgulation  of  bhMtd  is  the  result  of  the  con- 
version of  ptasmine  or  some  part  of  plai^minc  into  fibrin. 

But  there  are  reasons  for  thinking  that  plasmine  is  a  mixture 
of  at  least  two  bodies.  If  sodium  chloride  be  carefully  added  to 
plasma  to  an  extent  of  about  13  [>er  ceut..  a  white,  flaky,  viscid 
precipitate  is  thrown  down  very  much  like  plasmine.  If,  after 
the  removal  of  the  first  precipitate  more  sodium  chloride,  and 
especially  if  magnesium  sulphate  be  added,  a  second  precipitate 
is  thrf>wu  down,  less  viscid  aud  more  granular  than  the  first. 
The  name  fibrinogen  is  giveu  to  the  Cormi^rt  parafflobiUin  to  the 
latter.     Both  are  proteids  belonging  to  the  ghbuiin  family,'  the 


>  The  cubMfinoe  ft>elf  U  not  foUibt«  in  dUtlllod  wktcr,  bot  h  aaaatlty  nf  tbo 
n«utr»l  diiltf  alra^TB  ollnf;'  to  tho  procl|>iUlo,  aoti  lliti^  tlio  »<l'litiuti  of  water 
rirtuftlljr  gtreit  ri»«  iQ  u  dilute  «allne  Huhition.  in  which  the  lubiUnce  U  nikdUy 
soluble. 

'  See  Afipendix. 
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members  of  which,  while  iDBoliible  in  diaiillerl  water,  are  readily 
soluble  in  dilute  huUkiods  of  neutral  ^alu.  According  to  »nme 
authors,  sioluliona  of  tibrinoj^eu  are  rharactrri/.td  liy  their  beinjij 
precipitated,  and  oodtpihifd^  at  a  temperature  of  ab(»ul  5o^-6()^, 
while  solutions  of  para^lobulin  are  nut  8o  olmnged  till  the  tem- 
perature rises  to  68** -70"^.  There  are  alstt  other  diiTerences  (see 
Apf>endiK). 

Both  tho*»e  substances  arc  thrown  tlown  when  plasma  is  satu- 
rated with  sodium  chloride,Bo  that  the  plasmine  of  Denis  appears 
to  be  a  mixture  of  fibrinogen  and  parairlobulin,  aitd  the  ijuestion 
arises,  Are  both  these  concerned  in  the  fornistiou  of  iibrin? 

Tara^lobulin  not  only  occurs  as  a  constituent  of  plasma,  but 
is  found  in  confl!<ierable  quantity  in  the  serum  left  after  clotting; 
it  forms,  as  we  shall  see,  u  large  p^rtioo  of  the  proleids  present  in 
serum.  Now,  the  addition  of  serum  will  often  bring;  about  coagu- 
lation in  fluids,  which,  left  to  themselves,  will  not  coagulate,  the 
clot  so  formed  being  composed  of  fibrin  with  normal  characters, 
and  the  artificial  coagulation  thus  induced  being  in  all  other  re- 
spects exactly  like  a  natural  clotting.  Thus,  for  instanw,  hydro- 
cele fluid,  carefully  removed  without  admixture  of  bliMwl  from  a 
hydrocele,  will  in  most  case*  remaiu  fluid  without  any  disposition 
to  clot,*  Ho,  also,  the  serous  fluid  removed  from  the  pericardial, 
pleural,  or  peritoneal  cavities  some  hours  after  death  in  most 
ca^es  shows  no  disposition  to  clot.^  But  these  Huids,  hydrocele 
or  pericardial,  though  they  do  not  clot  spontaneously,  will  gen- 
erally, upon  the  addition  of  serum  or  a  little  whip|H?d  blood,  clot 
in  a  most  unmislakahlp  manner.*  Now,  fibrinogen  is  eertainly 
present  in  thew;  fluids,  and  may  be  lhrt>wn  down  from  them  by 
the  addition  of  sodiuui  chloride  or  by  other  means;  and,  sin<re 
serum  ontuins  parnglobuliu,  it  was  at  first  thought  that  the  ab- 
sence of  B|M:)ntancoii8  coagulation  in  the  untouched  hydrocele  or 
pericardial  fiuid  was  due  to  the  ab:»ence  of  paraglobuliu,  which, 
as  we  have  eeeu.  is  present  with  fibrinogen  in  the  spontaneously 
coagulable  plasma  (»f  blond,  and  that  the  coiigulating  efifect  of  the 
addition  of  thif  serum  was  ilue  to  the  paraglobulin  it  contained, 
the  paraglobulin  and  fibrinogcm  acting  in  somi  way  or  other  upon 
each  other  to  produce  fibrin.  And  this  view  was  supported  by 
the  fact  that  paruglobuHu  precipitated  from  i^runi  was,  like  the 
entire  serum,  efficacious  in  giving  rise  to  a  coagulation  in  tibrino- 
genous  pericardial  or  hydrocele  fluids. 

I  Sua  Apt>Ka>lU  for  the  illnUnrUt.n  tiatween  the  oongulotluD  uf  (ifOleid*  by  heikt, 
no'l  Ihit  cuiiifulatiuu  iluo  lu  tbe  Bp|feftrance  uf  flbria. 

1  In  tti^tut  Kneoituenn,  hoirevvr. «  ■ponunsoui  <}OBgu1atlon,  genoriilly  iligbt,  but 
fo  •xcfrfiliottMl  ojpod  iititHfilvp,  may  be  ob^urvud.  * 

^  If  ii  b«  icniii\ril  i!uuii''iiittv!>  ftfter  tlowlli,  it  tfcnernlly  obitg  rcudily  nnd  firmly, 
tfiving  H  onlorlcMi  cl')t  c'lnAiatintt;  ul  flbrlu  «□•!  wbim  orpu^cleii  unly. 

*  In  »  r«'"  .I'^t,  tiy  i;<'*gultttiun  can  thu«  bu  induced. 
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It  was  souu  fouDd,  however,  thiU  certain  specimeDs  of  pericar- 
dial and  even  hydrocele  fluid  did  uot  need  the  addition  of  the 
paraglobuliu  to  make  them  oagulate;  that  though  they  would 
not  coagulate  aponiaueously,  they  might  be  made  to  coagulate 
by  adding  tu  them  a  constituent  of  serum  which  was  not  ptira- 
globulin,  but  something  eUe.  Thus  if  serum,  or  indeed  whipped 
blo*)d,  be  mixed  with  a  large  quantity  of  alcohol,  and  allowed  to 
Biaud  Some  days,  the  proteids  present  are  in  time  so  changed  by 
the  alcohol  as  to  become  insoluble  in  water.  Hence,  if  the 
copious  precipitiito,  after  long  standing,  be  separated  by  filtra- 
tion from  the  alcohol,  dried  at  a  low  temperature  not  exceeding 
40*^,  and  extracted  with  distilled  water,  the  aqueous  extract  con- 
tains very  little  proteid  matter — indeed,  very  little  organic  matter 
at  all.  Nevertheless,  even  a  small  quantity  of  this  aqueous  ex- 
tract added  alone  to  certain  specimens  of  hydrocele  fluid  will 
bring  about  a  speedy  coagulation.  The  same  aqueous  extract 
haflalso  a  remarkable  effect  in  hastening  the  coagulation  of  fluids 
which  though  they  will  eventually  dot,  do  so  very  slowly.  Thus 
plasma  may,  by  the  careful  addition  of  a  certain  quantity  of 
neutral  salt  and  water,  be  reduced  to  such  a  condition  that  it 
coagulates  vejy  slowly  indeed,  taking  perhaps  days  to  complete 
the  process.  The  additiou  of  a  small  quantity  of  the  aqueous 
extract  we  are  describing,  will,  however,  bring  about  a  coagula- 
tion which  is  at  once  rapid  and  complete. 

The  active  substance,  whatever  it  be,  in  this  aqueous  extract, 

ists  in  small  quantity  only,  and  its  coagulating  virtues  are  at 
once  and  forever  lost  when  the  solution  is  boiled.  Further,  there 
is  no  reason  to  think  that  the  active  substance  actually  enters 
into  the  formation  of  the  Hbrin  to  which  it  gives  rise;  it  seems, 
without  undergoing  changes  in  itself,  to  act  in  some  way  or  other 
on  the  actual  fibrin  factors  (fibrinogen  and  paraglobulin  or  one 
of  them),  and  to  convert  them  or  part  of  them  into  fibrin,  ll 
appears  to  belong  to  a  class  of  bodies  playing  an  important  part 
in  physiological  processes  and  called  JermenU^  of  which  we  shall 
have  more  to  say  hereat\er.  We  may.  therefore,  sj^eak  of  it  as 
the  fibrin-ferment,  the  name  given  to  it  by  its  discoverer,  Alex. 
Schmidt. 

Fibrin-ferment  appears  to  make  its  appearance  in  blood  soon 
atler  it  has  been  she<l.  uud,  like  other  ferments,  is  apt  to  be 
entangled  iu  and  carried  down  by  any  precipitates  which  occur 
ia  blood.  It  is  carried  down  by  the  |>ladmiue,  and  hence  stdu- 
tions  of  plnsmine  coagulate  spontaneously. 

It  exists  in  serum,  and  is  carried  down  with  paraglobulin  when 
that  snlistance  is  precipitated.  Ami  hence  arises  the  serious 
question  whether  the  roagtilntiug  effects  of  serum  or  prepared 
paraglobulin  on  hydmcvle  or  |Miricardial  fluid  are  not,  aH^r  alt, 
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due  to  the  ferment  preaent  rather  than  to  the  pamglobuliu  ;  so 
that  two  views  may  be  taken  of  the  nature  of  c(*ugulation.  One* 
teaches  that  fibrin  arises  from  some  muLuul  adiitn  of  fibrinogen 
and  parngloljuliu  induced  by  the  Hbrin-furiiieut;  the  other'  iTmt 
fibrin  is  formed  through  the  conversion  of  tibrinogeu  alone  by 
the  agency  of  the  ferment,  jmraglobulin  either  having  ur.thing  to 
dr)  with  the  matter,  or  merely  assisting  by  its  presence  in  some 
indirect  way. 

There  can  be  no  doubt  that  fibrinogen  is  an  essential  factor; 
that  coagulation  cannot  take  place  without  it^and  thnt  itorsonie 
part  of  it  actually  becomes  fibriu.  There  is  equally  no  doubt 
that  the  presence  of  the  fibrin-fernient  iu  absolutely  necessary.    U 

also  ninre  than  probable  that  fibrin  does  not  resuli  from  the 

iun  of  fibrinogen  and  j)araglobuliu,  since  the  quantity  of  fibrin 
brmed  is  not  greater  tluiu  that  of  either  of  tliu  two  Kubstancea 
used  to  produce  it.  Hut  we  still  need  further  light  as  to  the  exact 
nature  of  the  change  proilueed  by  the  lernient,  the  true  chnraclere 
of  the  ferment  itt<elf,  and  llie  part  played  by  paiaglobulin. 

In  favor  uf  the  view  that  paraglobulin  is  not  ettncerned  in  the 
matter,  it  Is  asserted  that  rtbrinogeu  cautiously  precipitated  from 
plasma  by  small  quantitieis  of  sodium  chloride,  so  as  to  obtain 
it  apart  from  paraglobulin,  and  then  freed  from  ferment  by  re- 
peated wuiihing,  will  yield  a  solution  not  spontaneously  congu 
lable,  but  clotting  freely  on  the  addition  of  ferment  only.  In 
favor  of  the  view  that  the  presence  of  paraglobulin  \s  essential, 
may  be  quoted  the  striking  fact  that  certain  specimens  of  hydro- 
cele fluid  may  be  met  with  which  will  not  cougulate  either  spon- 
taneously or  upon  the  addition  of  ferment  alone,  but  will  coagu- 
late upon  the  addition  of  paraglobulin  and  ferment.  Such  fiuida 
may  be  supposed  to  contain  fibrinogen  only.  And  it  has  been 
argued  that  two  sulwtauces  have  l>een  confuted  under  the  name 
of  fibrinogen;  one  coagulating  at  the  same  temperature  as  para- 
globulin, and  ueetiiug  the  cooperation  of  paraglobulin  to  form 
fibriu.  and  another  bixly  which  may  be  thrown  down  from  solu- 
tions of  plasmiue  or  from  blood  at  the  temperature  of  o5'^-60** 
(the  fluids  thereby  losing  the  power  of  coagulating),  ami  which 
is  fibrinogen  already  on  its  way  to  become  fibrin — in  fact,  a  sort 
of  nascent  fibrin,  capable  of  becoming  actual  fibrin  in  the  ti»tat 
absence  of  paraglobulin.  Lastly,  the  presence  of  a  neutral  salt, 
duch  as  sodium  chloride,  appears  to  be  essential  to  the  process, 
coagulation  not  occurring  even  where  all  three  factors  are 
present,  if  no  neutral  lialt  accompanies  them. 

Awaiting  further  investigation,  we  may  for  the  present  con- 


^  Tbikt  of  AloxHoder  Sohnildt,  and  hU  pupila  nnrl  ulhcrv, 
'  Tbtit  of  Uamuarsteo,  Fredericq,  iio<i  others, 
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clmletlmt  fibriu  is  formed  by  the  con vereiou,  through  the  agency 
of  n  ferment,  of  a  HiihsUiico  fibrinogen,  which  fornin  part  of  the 
pjftiiniine  spoken  of  ab(>ve,  but  the  exact  nature  of  that  conver- 
sion and  uliPthir  paraglobulin  hits  any  .share  in  the  matter,  and 
if  eo  what,  must  remain  us  yet  undecided. 

This  conception  of  coagulation  as  a  chemical  procees  between 
certain  factors  rendera  easy  of  comprehension  the  influence  of 
various  conditions  on  the  coagulation  of  blooiJ.  The  quickening 
influence  of  heat,  the  retarding  effect  of  cold,  the  favorable  action 
of  motion  and  of  contact  with  surfaces,  and  hence  the  results  of 
whipping  and  the  influence  exerted  by  the  f*»rni  and  surface  of 
veflsels,  become  intelli|^ible.  The  greater  the  number  of  points — 
that,  is  the  larger  and  rougher  the  surfacf  presented  bv  the 
vessels  into  which  blond  is  shed — the  more  quickly  coagulation 
coroc8  on.  for  contact  with  surfaces  favors  chemical  union.  So 
also  the  presence  of  spungy  platinum,  or  of  an  inert  [wwder  like 
charcoal,  quickens  the  coagulation  of  tardily  clotting  fluids,  such 
as  many  spmmeus  of  |>ericardial  fluid. 

Having  thus  arrived  at  nn  approximate  knowledge  of  the 
nature  of  coagulation,  we  are  in  a  r)etler  |>osili<jn  for  discussing 
the  question,  Why  does  blood  ren)ain  fluid  in  the  vessels  of  the 
living  body  and  yet  clot  when  shed  t 

The  older  views  may  be  at  once  summarily  dismissed.  The 
clotting  is  not  due  to  loss  of  temi>eralure,  for  cold  retards  coagu- 
lation, and  the  blood  of  cold-blooded  animals  behaves  just  like 
that  of  warm-blooded  animals  iu  clotting  when  shed.  It  is  not 
due  to  loss  of  motion,  for  motion  favors  cr^agulation.  It  is  not 
due  to  exposure  to  air,  whereby  either  an  increased  access 
oxygen  or  an  escape  of  volatile  matters  is  facilitated,  for  on  the' 
one  nand  the  blood  is  fnlly  exposed  to  the  air  in  the  lungs,  and 
on  the  other  shed  blood  clots  when  received,  without  any  ex- 
posure to  the  atmosphere,  in  a  closed  tube  over  mercury. 

All  the  facte  known  to  us  point  to  the  conclusion,  that  when 
bl(HHl  is  contained  in  healthy  living  bU>odve€eele,  a  certain  rela-i 
tion  or  equilibrium  exists  between  the  blood  and  the  containing^] 
veeselfl  of  such  a  nature  that  as  long  as  this  equilibrium  is  main- 
tained the  b1oo<l  remains  Huid.  but  that  when  this  equilibrium  ia 
disturbed  by  events  In  the  blood  or  in  the  bloodvessels,  or  by 
the  removal  of  the  blood,  the  blood  undergoes  changes  which 
result  in  coagulation.  The  most  salient  facts  in  support  of  this 
conclusion  are  as  follows: 

1.  After  death,  when  all  motion  of  the  blood  has  ceased,  the 
blood  remains  for  a  long  time  fluid.  It  is  n<Jt  till  some  time 
arterwards,  at  nn  cftoch  ndien  pot-t-niortem  changes  iu  the  blof)d 
and  in  the  llIu.M^v<•s^t■Ja  have  had  time  to  develop  theraselvi's, 
that  coagulation  begins.     Thus  some  hours  afW  death  the  blo< 
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in  the  great  veins  iimy  be  found  perfectly  lUtkl.  Yet  euch  blood 
has  Dot  lost  its  power  of  cougubitiug ;  it  still  clots  whcu  removed 
from  the  bc«iy,  and  clots,  too,  when  receive<I  over  mercury  with- 
out exposure  to  uir,  ahowiiig  that  the  lluidity  of  tlio  highly 
venous  blood  is  not  duo  to  any  excess  of  carbonic  aciU  or  absence 
of  oxygen.  Eventually  il  does  clot  even  within  the  vcsaelti.  but 
perhaps  never  so  firndy  and  completely  tis  when  shed.  It  clots 
tirat  iu  the  larger  ve^eli*.  but  retnnins  fluid  in  the  ^nmlter  veins 
for  a  very  long  tintc,  fur  many  hours  iu  fact,  sim-v  in  these  the 
same  bulk  of  blood  is  exjKjsed  to  the  iuHuence  of.  and  recipro- 
cally exerts  an  intluence  on.  a  larger  surface  of  the  vascular 
walls  than  in  the  larger  veins. 

2.  If  the  vessels  of  the  heart  of  a  turtle  (or  any  other  cold- 
blooiie<l  aniinnl)  Im  ligatured,  and  the  heart  be  cut  out  and 
placed  in  fiivorable  circuniatancee  so  that  it  may  continue  to 
beat  for  as  long  a  period  as  possible,  the  bloml  will  remain  Ituid 
within  the  henri  as  long  aa  the  pulsations  go  on — **.  e.,  for  one  or 
two  days  (and  indeed  fur  s(»me  time  afterwards),  though  a  [>or- 
tion  taken  away  at  any  period  »»f  the  experiment  will  clot  very 
speedily. 

3.  If  the  jugular  vein  of  a  large  animal,  euch  as  an  ox  or 
horse,  be  ligatured  when  full  of  blood,  and  the  ligatured  portion 
excised,  the  blood  in  many  cases  remains  perfectly  iluid,  along 
the  greater  part  of  the  length  of  the  piece,  for  twenty-four  or 
even  forty-eight  hours.  The  piece  so  ligatured  may  be  sus- 
pended in  a  framework  and  opened  at  the  top  so  as  to  imitate  a 
living  test-tube,  and  yet  the  blixwl  will  often  remain  long  Huid, 
though  a  portion  rem(»ved  at  any  lime  into  another  vessel  will 
clot  in  a  tew  minutes.  If  two  such  living  test-tubes  l)e  prepared, 
the  blood  may  be  poured  from  one  to  the  other  without  coagula- 
tion taking  place. 

The  above  facts  illustrate  the  absence  of  coagulation  in  intact 
or  slightly  altered  living  blooilvegsela ;  the  following  show  that 
coagulation  may  take  place  even  in  the  living  vessels. 

4.  If  a  needle  or  piece  of  wire  or  thread  be  introduced  into  the 
living  bloodvessel  of  an  animal,  either  during  life  or  immediately 
after  death,  the  piece  will  be  found  encrusted  with  tibriu. 

a.  If  in  a  living  animal  a  bloodvesssel  be  ligatured,  the  ligature 
being  of  such  a  kind  as  to  injure  the  inner  coat,  coagulation  takes 
place  at  the  ligature  and  extends  for  some  distanw  from  it. 
Thus,  if  the  jugular  vein  of  a  r;vbbit  be  ligatured  roughly  in  two 
places,  clots  will  in  a  few  hours  be  found  iu  the  ligatured  portion, 
reaching  upwards  and  dtAvnwarda  from  the  ligatures,  the  mitldle 
portion  being  the  least  coagulated.  Clots  will  also  be  found  on 
the  fiiraide  of  each  ligature.  The  riots  will  still  appear  if  the 
ligature  be  remove*!  immediately  ailer  being  applied,  provided 
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tbnt  ill  the  proceee  the  inner  ouat  has  been  wouuded.  If  the 
]i{|;itture6  be  applied  in  titich  n  way  ns  not  to  injure  the  inner  coat^ 
coagulation  m\\  not  take  place,  though  the  blood  may  remain 
for  many  hours  perfectly  at  rest  between  the  lignturea. 

So.  aliio,  when  an  artery  is  ligntnrcd  n  conspicuous  clot  is 
formeiJ  on  the  eanliae  side  of  the  ligature.  The  clot  is  largest 
and  firniest  in  the  immediate  neighborhood  of  the  ligature,  grad- 
ually ttiiuiiing  away  from  this  point  and  reaching  usually  to 
where  a  branch  is  given  off.  Helween  this  branch  and  the  liga- 
ture there  is  stasis:  the  walls  of  the  artery  sufler  from  ihe  want 
of  renewal  of  blood,  and  thus  favor  the  propagation  of  the  coagu- 
lation. On  the  distal  side  of  the  ligature,  where  ibe  artery  is 
much  shrunken,  the  clot  which  is  formed,  though  naturally  email 
and  inconspicuous,  is  similar. 

U.  Any  injury  of  the  inner  coat  of  a  bloodvessel  causes  a  co- 
agulation at  the  spot  of  injury.  Any  treatment  of  a  bloodvessel 
tending  to  injure  its  normal  condition  causes  local  coagulation. 

7.  Disease  involving  the  inner  coat  of  a  bloodvessel  causes  a 
coagulation  at  the  part  diseased.  Thus,  inflammation  of  the 
lining  membrane  of  the  valves  of  the  heart  in  endocarditis  is 
frequently  accompanied  by  the  depf^sit  of  fibrin.  In  aneurism 
the  inner  coat  is  diseased,  and  layers  of  Hbrin  are  commonly 
deposited.  So,  also,  in  fatty  and  calcareous  degeneration  without 
any  aneurisuial  dilatation  there  is  u  tendency  to  the  formation  of 
dote. 

Similar  phenomena  are  seen  in  the  case  of  serous  fluids  which 
coagulate  gpontaneousty.  If,  as  soon  af^er  death  as  the  body  ia 
cola  and  the  fat  is  soliilified,  the  [>ericardium  be  carefully  re- 
mc»ved  from  a  sheep  by  an  incision  round  the  base  of  the  heart, 
the  i>ericardial  fluid  may  be  kept  in  the  pericardial  bag  as  in  a 
living  cup  for  many  hours  without  clotting,  and  yet  a  small 
portion  removed  with  a  pipette  cluts  at  once,  and  a  thread  left 
hanging  into  ihe  fluid  sotm  become*  covered  with  Hbrin. 

The  only  interpretation  which  embraces  these  facts  is  that,  go 
long  as  a  certain  nttrmal  relation  between  the  lining  surfaces  of 
the  bloodvessels  and  the  blood  is  maintained,  coagulation  does 
nut  lake  place ;  but  when  this  relation  is  disturbed  by  the  more 
or  less  gradual  death  of  hloodveseels,  or  by  their  more  sudden 
disease  or  injury,  or  by  the  presence  of  a  foreign  bo<ly,  coagula- 
tion sets  in.  Two  additional  points  may  here  be  noticed.  1. 
Stagnation  of  blood  favors  coagulation  within  the  blotMlvesaels, 
apparently  because  the  bloodvetwels,  like  other  tissues,  demand 
a  renewari)f  the  bhMxl  on  which  they  de|>end  fnr  the  maintenance 
of  their  vital  power*.  2.  Tht?  influenceof  surface  is  seen  even  in 
the  consnlnti'in  within  th*  "        In  east's  of  ooagulatiou  from 

gradual  death  uf  the  bl as  in  the  c*m  of  an  excised 
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jugular  vein,  the  fibrin,  when  iU  depoeicion  ia  suflicioittly  8h>w, 
IB  seen  tu  appear  ftret  at  the  sides,  nud  thence  gradimlly,  fre- 
miently  in  layerei,  to  make  its  way  to  the  centre.  So  in  aaeuriani, 
the  de{>otiit  of  fil>riu  in  fre<iuently  laminated.  In  casog  where 
coagulation  results  frum  disease  of  the  lining  membniue,  the 
rougher  the  interior,  the  more  speedy  and  complete  the  elolting. 
So,  also,  a  rough  foreign  body,  presenting  a  hirge  number  of  sur- 
facet  and  points  of  attachment,  more  readily  produces  a  clot 
wheD  introduced  into  the  living  bloodvessels  than  a  perfectly 
smooth  one. 

We  may  perhaps  go  a  step  further,  fur  there  are  certain  weighty 
reasons  for  believing  that  in  normal  circulating  blood  all  the 
fibrin-factors  are  not  present  in  the  plasma,  and  that  a  disturb- 
ance of  the  equilibrium  between  the  bluod  and  the  bloodvessels 
gives  rise  to  coagulation  by  inducing  changes  in  certain  corpus- 
cles, either  the  ordinary  white  coriiuticleti  or  corpuscles  of  a  spccinl 
kind,  whereby  one  or  more  of  the  fibrin-factora  are  discharged 
iato  the  plasma. 

1.  When  blood  is  received  direct  from  the  bloodvessels  intt> 
alcohol,  the  aqueous  extract  of  ihe  precipitate  contains  little  or 

•  DO  iibrin-ferment.  If  the  blood  lie  allowed  to  staml  a  little  while 
before  being  thrown  into  alcohol,  some  ferment  makes  its  appear- 
auou;  and  the  longer,  up  to  clotting,  tlial  the  blood  standi  uefore 
being  treated  with  a!coh(»l,  the  more  efficacious  is  ihe  aqueous 
extract  of  the  precipitate.  Fibrin-ferment,  therefore,  seems  to 
make  lis  apj>earance  in  blood  after  being  shed, 

2.  When  blood,  kept  from  clotting  by  exposure  to  cold  or 
through  being  retained  by  ligatures  iu  a  living  bloodvessel,  is 
allowed  to  stand  till  the  corptiscles  have  sunk,  the  upper  layers 
4^f  the  plasma,  free  from  both  red  and  white  corpuscles,  exhibit 
when  removed  very  little  power  of  c«»agulation,  and,  upon  ex- 
amination, are  found  to  contain  a  very  small  quantity  only  of 

•fibrin-ferment. 

3.  We  have  reasons  for  thinking  that  when  blooii  is  shed,  a 
certain  number  of  corpuscles,  which  we  may  speak  u{  as  white 

■^rpuscles,  leaving  it  for  the  present  uncertain  wliclher  they  are 
^^Ui  he  regarded  as  a  special  kind  of  corpuscles  or  not,  are  broken 
up  and  disappear. 

Putting  these  facts  together,  we  are  led  to  think  that  normal 
blofHl  plasma  circulating  in  the  normal  bhmdvessels  c^mtaius 
no  fibrin-ferment,  but  that  when  the  equilibrium  nf  blood  is  dis- 
turbed, either  by  the  shedding  of  the  blood,  or  by  injury  to  the 
bloodvessels,  nr  by  the  introduction  of  foreign  bodies,  Hbriu 
ferment  is  discharged  into  the  plasma,  as  the  result  of  changes 
Ittkinjj  place  in  certain  corpuscles. 
With  regard  to  the  other  fibrin-factors,  our  knowledge  is  at 
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present  deficient.  As  we  shall  have  to  stAte  presently,  paraglcv- 
Dulin  apparently  exists  in  serum,  and  therefore  in  plasma,  in 
very  considerable  quantity;  and  to  say  nothing  of  the  duubt  as 
to  whether  paraglobuliu  ha:*  any  share  in  forming  fibrin,  it  Eieems 
extremely  unlikely  thai  the  whole  of  this  large  quantity  could 
have  come  from  disintegrating  corpuscles.  Fiorinogen  is  gener- 
ally supposed  to  be  preexistent  in  the  plasma:  but  there  do  not 
appear  to  he  adequate  reasons  for  this  view;  and  it  is  quite  pos- 
sible that  it  too,  like  the  ferment,  comes  from  the  corpuscles. 
But  this  is  almost  tantamount  to  saving  that  the  whole  iibrin 
comes  from  the  corpuscles,  and,  indeed,  it  has  been  argue<]  that 
the  white  corpuscles  are  in  part  bodily  converted  into  fibrin. 

The  whole  matter  needs  further  investigation,  and  when  we 
remember  that  fibrin-ferment,  and  even  ma^&ses  of  white  c<.»rpu8- 
clea  injected  into  the  living  blotKj vessels  do  not  necessarily  bring 
about  coagulation,  it  is  clear  that  we  have  much  yet  to  learn. 
Moreover,  we  have  reason,  as  we  shall  see.  to  think  that  corpus- 
cles are  continually  dying  in  the  hotly,  and  therefore  c«niinually 
setting  free  fibrin-factors;  and  these,  unless  we  suppose  thai  a 
certain  quantity  of  fibrin  can  exist  scattered,  so  to  speak,  in  the 
blood,  must  be  made  away  with,  or  at  least  prevented  fron^ 
giving  rise  to  clots. 


Sec.  2. — The  ("hemic.m.  Composition  of  Bloop. 

Am  we  have  alrr.ady  urged,  the  chief  chemical  interesta  of  blood 
are  attached  to  the  changes  which  it  undergoes  in  the  several 
tissues,  and  which  will  be  coneidered  in  connection  with  each 
tissue  at  the  appropriate  place.  Nevertheless,  a  brief  summary 
of  the  main  charnctere  of  blood  as  a  whole  may  be  introduceil 
here. 

The  average  specific  gravity  of  human  blood  is  1055,  varying 
from  1*U5  to  1075,  within  the  limits  of  health.  The  reaction  of 
blood  as  it  flows  from  the  bloodvessels  is  found  to  be  distinctly, 
though  feebly  alkaline. 

If  the  corpuscles  bo  supposed  to  retain  the  amount  of  water 
proper  to  them,  blood  may,  in  general  terms,  be  considered  as 
consisting  by  weight  of  from  about  one-third  io  stmiewhat  loss 
than  one-half  of  corpuscles,  the  rest  being  plasma.  As  will  be 
insisteii  on  presently,  the  number  of  corpuscles  in  a  st>^'rimou  of 
blowi  is  found  to  vary  c<tnsiderably,  not  ouly  in  ditforent  nniinals 
and  in  dilferent  individuals,  but  in  the  satse  individual  at  differ- 
ent times. 

<'on?picuous  and  striking  as  are  the  results  of  coagtilRtiou, 
^aAsive  as  api>ean?  to  l>e  the  dot  which  is  formetl,  it  must  be 
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remembered  that  by  far  the  greater  part  of  the  clot  coDBists  of 
oorpu*ol«».  The  amount  hy  weight  of  fibrin  required  to  bind 
together  a  number  of  ror|uif('lt'H  in  order  to  form  even  a  large 
Hrm  clot  is  exceedingly  Bmnll.  Thu»  the  Rvenige  tjuantity  by 
weight  of  fibrin  in  human  blood  in  paid  to  bo  il'2  per  cent.,  hut  the 
amount  which  can  be  oblaiued  from  a  given  (juantily  of  plasma 
varieji  extremely;  the  variation  being  due  not  only  to  circum- 
Htancea  affecting  the  blood,  but  uIho  to  the  methcxl  employed. 

The  diflienlties,  indeed,  of  acquiring  un  exact  knowledge  of  the 
chemical  confitituiion  of  the  plannia,  which,  aa  we  have  seen  from 
the  foregoing  section,  is  probably  undergoing  changes  i'rom  the 
moment  of  being  shed,  are  very  great;  our  iuformatiou  c^m- 
cemiug  the  com|>o8itiuD  of  the  serum  and  of  the  corpuscles  ia 
much  more  trustworthy . 


[triioiitieal  cnrutHuunts  ut  the  blaod-plasma, according  to  Uermann^  are : 
1.  Wutor,  nbuut  ^M)  per  cent. 

U.  l*ri>loiJ*,  vi/ 


a.  Albumin  jprecipiwitMi  by  heat). 
6.  SoUiiitit  uthtiininul 


>r  the 


nuly  (lienirii-nisoin  prcuipiUteu  b^'  mcicl.«.}. 
y.  Tho  fluhiljiiHVA   which   form  Hbrin  during  coagulation 
blf>od. 

The  gnsuler  portion  of  the  ulbuminoid  «ubfltftiice«  coiisisU  of  aJbumin  ; 
H)tog«Uier  lh«y  fonn  from  8  to  10  pvr  L-«nt.  of  the  pbisinu. 

3.  Creatine',  fayivjinnthini.'.  mid  urcu;  uUo  at  tirnc.^  bippuric  And  uric 
iicit]j>  in  very  smnll  riunhtitir^. 

4.  Onipc  :*uptr,  in  rii)»)I  q^iioilittt^s,  viirjdng  Rcemding  U^  tho  siluution. 

5.  Fau,  f><lupi^,  fatty  ncid>i,  cholc^trrin,  lecilhin.  The  fut  is  pArtly  dif- 
«ftlvod  by  ibc  soNpii.  uuti  (utrtly  vxiiilA  »a  un  uniultiiuu,  but  Hiwiiys  in  n 
«iniill,  Uioii|^h  viiryiii^  <pmntily  {O.I-*l.'J  per  cent.). 

H.  An  odurifcT'ua  principle  peculiar  to  each  kind  of  blood. 

T.  A  j/fltfiw  piffmrttt,  (The  Henirn  nUo  dftcn  corittiiiii>  hti'Uioglobin,  but 
this  miT  1»€  <inly  nn  impurity,  oftu#f^  by  di*inte^ratfd  bloitd-cnrpuKcles.) 

8.  Snlta,  with  n  pre)»>ndeninc(!  of  »a\lA  of  t>udiiirn,  i'hlori<ios,  and  cjir- 
boutilvfl  ;  tbureforn,  riiun?  ivpeciuUy  common  suit  und  carbonuleuf  ifodium. 

D.    Glt«K4 

With  iho  pjccption  of  ibo  Wliea  included  under  2,  the*  ulMtvo-nunicd 
ronittilu«:>iit»  ff>rin  nho  titc  con&tilu<>iit8  i>f  titu  i^onun — tlitit  is,  of  the 
linuid  itbluinfd  nfXor  conciilntii'n  I'f  lb**  bli« 


pb 


Composition  of  Serum. — In  100  pari.s  of  Hcrum  there  arc  in 
round  uiimbcrB : 


Wiiter 

Prutrid  AubHtuncca .... 
Kttttf,  eilnirtivca,'  Mnd  s&liiic  mntten 


OOpurtit. 

8  to    0     " 
2U>    1     '■ 


*  Tbi9  wor'l  it  uxed  (o  denote  iubi(tuDtfQ^  of  varied  origin  And  nature,  otniiir- 
ring  in  »ini»ll  qa^ntitieef  nod  thorclore  roqiiiring  In  be  "  exlnboted  "  by  «peol&l 
rnvuns. 
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The  }>roi«id  sulwtances  preeeot  io  serum  are:*  (1)  The  _ 
called  icrum-albumin^  (2)  paraglobulm.  The  par&globulin,  as 
bu  been  stated  in  ibe  preceding  sectioD,  may  be  removed  from 
the  eerum  in  deveral  ways,  vi/.^  by  paseing  carbunic  acid  ihruugh. 
or  by  cautiously  adding  dilute  acetic  acid  to,  the  diluted  serum. 
or  more  completely  bv  saturating  the  undiluted  serum  with 
magnesium  sulphate.  NVhen  the  whole  of  the  naraglobulin  has 
been  remored,  a  considerable  tjuantity  of  protein  material  is  vtill 
leil  in  the  scrum  in  the  form  known  aa  serum-albumin,  diatin- 
guishe<l  from  paraglobulin  among  other  characters  by  its  being 
soluble  in  distilled  water,  aud  tlierefon^  not  requiring  for  its 
Solution  the  presence  of  a  neutral  ealt*  From  the  researches  of 
Hammarsten,  it  wuuld  appear  that  owiug  to  imperfect  methods 
the  amount  of  parnglobulin  in  serum  hos  been  much  underrated. 
According  to  him,  the  quantity,  though  varying  in  different 
animals,  is  at  times  equal  to,  and  sometimes  even  greater  than 
that  of  the  serum-albumin.  Even  if  we  were  to  accept  as  defi- 
nitely proved  the  view  that  paraglobulin  in  some  form  or  other 
is  in  s<^mc  way  associated  with  the  formation  of  Bbrin,  it  seems 
hardly  probable  that  the  whole  of  this  large  quantity  of  para- 
globulin present  in  scrum  in  fibrinoplastie — i  e.,  capable  of  taking 
part  in  the  formation  of  fibrin.  We  cannot  at  present,  however, 
attach  any  definite  functions  to  the  paraglobulin  and  serum- 
albumin  respectively,  nor  do  we  know  much  as  to  what  extent 
they  vary  in  quantity,  though  the  interesting  obi»ervation  has 
been  made  that  in  snakes  the  serum-albumin  disappears  during 
starvation,  while  the  paraglobulin  is  fairly  constant.  When 
serum,  after  the  cautious  addition  of  acetic  acid  in  order  to 
neutralize  \\^  alkalinity,  is  heateil  to  about  To*^  C,  both  the 
serum-albumin  and  paraglobulin  are  thrown  down  in  the  form 
known  as  c<tag\ihi€d  proteidn,  substances  characterized  by  their 
great  insolubility.  This  "coagulation**  by  heat  of  these  and 
other  proteids  is,  it  perhaps  need  hardly  be  repealed,  not  to  be 
confounded  with  the  coagulation  of  plasma  due  to  the  appear- 
ance of  fibrin. 

The  fats,  which  are  scanty,  except  after  a  meal,  or  iu  certain 
pathological  conditions,  consist  of  the  neutral  fats,  stearin,  pal- 
milin,  and  o1ein,with  a  certain  quantity  of  their  respective  alka- 
line soups.  Lecithin^  and  cholesterin  occur  in  very  small  quan- 
tities only.    Among  the  extractives  present  in  serum  may  be  put 

>  Th«rc  leatns  no  limtfor  mij  nnuon  to  dlulnfatvb  >  «eruiii-aftMia  Crooi  parn- 
globulin (aco  Appenilii). 

*   For  furllier  netaili<  $rr  Afiiietulii. 

■  Pur  ileliiltoU  aeoountJiof  iho  cbaniolore  vf  tht  Mv»r»l  ch«nilr»I  lubftUnc**  ^ 
mtDlUiDeti  in  thin  itD'i  lUOOMdiog  6h*|Jt«r«.  «ODfuU  tb«  AppvutSix  nndtr  ib  ^ 
iipprupristv  bo«Jit)ga.  i 
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down  all  the  uitm?eDou8  and  other  subetances  whioh  furm  the 
oxtractivM  of  the  body  and  of  food,  such  a«  nreit.  creatiae, 
sugar,  lactic  acid,  etc.  A  very  large  number  uf  these  have  beoa 
dimiovered  iu  the  bloi)d  uudrr  various  drrumtitancca,  the  con- 
sideration of  whiirh  niijet  be  left,  for  the  present.  The  peculiar 
odor  of  blood-serum  is  probably  due  to  the  presence  of  volatile 
bodies  of  the  fatty  acid  series.  The  faint  yellow  color  of  serum 
is  due  to  a  apecial  yellow  pigment.  The  most  characteristic  and 
important  chemical  feature  of  the  saline  constitution  of  the 
wmm  is  the  preponderance  of  sodium  saltx  over  those  of  potas- 
sium. In  this  respect  serum  otters  a  marked  contrast  to  the 
corpuscles  (see  p.  54).  Less  markeil,  but  still  striking,  is  the 
abundance  of  chlorides  and  the  poverty  of  phosphates  in  the 
serum  as  compare*!  with  the  corpuaclee.  The  salts  may,  in  fact, 
briefly  be  described  as  consisting  chiefly  of  sodium  chloride, 
with  some  amount  of  sodium  carbonate,  or  more  correctly  sodium 
bicarbonate,  and  potassium  chloride,  with  small  quantities  of 
sodium  sulphate,  sodium  phosphate,  calcium  phosphate,  and 
magnesium  phosphate.  And  of  eveu  the  small  qunntity  of 
phosphates  found  in  the  ash,  ]>art  of  the  phosphonis  exists  in 
the  serum  it^lf,  not  as  a  phosphate,  but  as  phosphorus  in  some 
organic  body. 

(Thyaical  Properties  of  the  Red  Corpuscles. — When  observed 
on  the  stage  of  a  microBcopo,  the  red  corpuscles  appear  as 
minute,  circular,  flattened,  biooncavo convex  bodies,  depressed 
in  the  centre,  and  surrounded  by  an  elevated  rounded  margin. 
If  seen  a  little  beyond  the  focus  of  the  instrument,  the  centre 
appears  as  a  dark  spot  surrounded  by  an  annular  light  ring; 
while  if  the  corpuscle  is  brought  a  little  within  focus  the  c<m- 
verse  ia  observed-  This  optical  effect  is  due  to  the  impossibility 
of  getting  both  the  biconcave  and  biconvex  portions  in  focus  at 
tno  same  time.  The  appearance  of  the  central  dark  spot  was 
supposed  ir.  indicate  the  existence  of  a  nucleus,  but  from  what 
haa  already  been  said,  this  supposition  must  certainly  be  erro- 
neous. These  corpuscles  are  further  observed  to  be  soft,  trans- 
parent, and  ductile.  By  virtue  of  their  elastic  and  ductile  prop- 
erties, fhey  are  capable  of  adapting  themselves  to  sudden  changes 
m  the  direction  of  the  blood-current,  or  to  mfxliHcations  in  the 
calibre  of  the  capillaries.  Thus  in  their  pas-sage  through  capil- 
J^.  ""*fl torn oaee  they  will  often  be  observed  to  become  bent  nearly 
aion  ^J '  ^"^  ^^  E"*"g  from  one  capillary  to  another;  occa- 
ott  an  "^  'become  lodged  in  the  middle  of  the  blood-current 

iiiirara""^'^?*^^'^'''^'^^  septum,  and  are  bent  nearly  double,  resum- 
^ui  thvir  original  outline  when  dislodged.    In  the  minutest 
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vessels  ihey  will  often  appear  elougated,  bo  as  to  be  enabled  to 
pass  through  the  constricted  chnnnel. 

The  color  of  the  corpuscles  if  eii  mo^«e  is  a  bright  red ;  if 
seen  singly,  they  appear  of  a  jwile  amber  color.  Atler  the  blood 
is  drawn  from  the  vessels,  they  exhibit  a  remarkable  tendency 
to  aggregrate  by  approximating  their  sideu,  and  thus  forming 
irregular  rows,  which,  from  their  a]»pearunce  !o  rolls  of  money, 
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Uiil  CorixhM  |i-i  tJ  Mitlt.  At  a,  Um  •ir|iiiM>lr<«  an  «<cu  tihi  xn  i^lfn-,  uit<l  Ih  l»n^  ;  tin-  flr»1 
lWM)H)r|tuirl<«  hIiow  Itivoi'iiliid  f^n'l  or  iiilidkvtlj- liuik  »ui)  lltilit ;  tK'Xl  ntv  »1hi«ii  llhi  likvn- 
(»vu  unil  riirii'HvrwoitvKX  r<rniM-,  ainini^  Ihn  n>ll»,  ■•tit<  r<>r]m>«-|i<  U  >lr«wn  mit  hy  rlrtuotif  It* 
viK^iiUty,  nutl  vfvmM  mtunw  Itn  cinMilar  •t}i*|N)  hy  vliiim  np  U»  tHiuiiiuUy. 

have  been  termed  rouleaux.  If  the  amount  of  plasma  be  quite 
small,  so  that  the  corpuscles  cannot  be  floated  sufficiently  to 
allow  of  the  approximation  of  their  entire  sides,  they  will  over- 
lap or  adhere  oy  their  edges. 

Another  interesting  fact  observed  after  the  blood  \s  drawn,  is 
that  their  outline  becomes  much  changed  by  the  development  of 
small  nodular  projections  on  their  edges.  If  the  corpuscles  are 
now  allowed  to  be  somewhtit  desiccated,  they  become  shrunken 
and  Msume  a  stellate  or  crenated  appearance. 

In  different  animals  the^e  corpuscles  vary  both  in  size  and 
form.  In  mammalia  (excluding  the  camel  tribe)  they  exist  as 
circular  disks,  relatively  small,  {M)sse»aing  no  uucleuti.  In  aves 
they  are  oval,  nucleated,  and  larger;  while  in  reptilia  they  possess 
the  same  feature*  as  in  aves,  but  are  still  larger.  The  diHicrent 
forms  and  sizes  of  these  corpuscles  are  beautifully  exhibited  in 
Fig.  6. 

The  siKo  of  the  corpuscles  seems  to  bear  no  relation  to  the  size 
of  the  body;  but,  as  has  been  pointed  out  by  Milne- Edwards, 
there  occasionally  exists  a  relation  between  the  size  and  the 
muscular  activity  of  the  animal.     Thus  it  was  found  that  in 
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de€r  and  other  fleet-footed  animals  the  corpuscles  were  relatively 
small;  in  amphibia,  which  are  eompiiratively  alu^giah,  the  cor- 
puscles were  relatively  larger.  The  relation  then  that  the 
diameter  of  the  corpuscle  would  bear  to  the  muscular  activity 
would  be  in  an  inverse  ratio.  It  h&a  also  been  found  that  the 
higher  the  scale  of  life  is  advanced  the  smaller  the  diameter  of 
these  bodies  becomes. 

The  action  of  diflerent  substances  on  the  corpuscles  is  very 
interesting.  Water  causes  theni  to  swell  and  become  globular. 
Acetic  acid  and  alkalies  cause  them  to  swell  and  become  decol- 
orized. They  are  also  decolorized  by  freezing  and  thawing,  or 
removal  of  the  gases,  the  addition  of  chlciroform,  ether,  alcohol, 
carbon  disulphiae,  and  salts  of  the  bile  acids.  Tannic  acid 
causes  a  nodule  to  project  from  the  circumference.  Electric 
ahocks  temporarily  crenate  them,  which  slate  is  followed  by  their 
becoming  round  and  decolorized.  In  fever  they  are  dimiuislied 
in  sire,  and  may  be  restored  by  quinine  or  other  antipyretics. 
Carbonic  acid  gas  renders  them  biconvex.  Sodium  chloride 
causes  numerous  thnrn-like  projections  to  appear  on  their  cir- 
cumference. Boracic  acid  isolates  a  nucleated  red  mass  from  a 
colorless  stroma.] 

Composition  of  the  Bed  Corpntcles. — The  corpuscles  contain 
less  water  than  the  serum,  the  amount  of  solid  matter  being 
variuusly  estimated  at  from  i!0  to  40  or  more  per  cent.  The 
solids  are  almost  entirely  organic  matter,  the  inorganic  salts  in 
the  corpuscles  amounting  to  less  than  1  per  cent.  Of  the  or- 
ganic matter  again,  by  far  the  larger  part  consists  of  haemo- 
globin. In  100  parts  of  the  dried  organic  matter  of  the  cor- 
puscles of  human  bhx>d,  Iloppe-Seyler  and  Judel  found,  aa  the 
mean  of  two  observations, 
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There  are  reasons  for  believing  that  not  only  may  the  number 
of  red  corpuscles  vary,  hut  hIs*^  the  quantity  of  haemoglobin 
present  in  the  red  corpuscles  differ  under  diflereul  circumstances. 
Malassez,  by  comparinp  the  tint  of  a  quantity  of  blood,  the 
number  of  whose  coritUflclcs  had  been  estimated,  with  that  of  a 
graduated  solution  ofpicrocarminatc  of  ammonia,  liaB  been  able 
to  estimate  the  amount  of  haemoglobin  prcbent  in  the  curpusclcs 
under  different  cirinimstancea.     lie  f'l  *  u'm  the 

poverty  of  the  corpuscle**  *"  iriking 

than  the  scanii      -  w  uilcctvd  by 

the  admiuit^lruii  -i, 
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The  comjiofiiiion  ami  nropeplies  of  bsemoglobin  will  be  cou- 
gidered  in  coniicctioti  svitfi  ret«)>irutioD. 

Of  llie  [irotfid  gubatunccs  which  form  the  stroma  of  the  rwl 
corpuscles,  this  much  may  be  said,  that  they  appear  to  belong  Id 
the  globulin  family;  their  exact  nature  need  not  be  ctmsidered 
here.  As  regards  tbe  inorganic  constiluente,  the  corpuscles  are 
difitioguitfhed  by  the  relative  abundance  of  the  ealts  of  potassium 
and  of  phosphates.  This  at  least  is  the  case  in  man  ;  the  relative 
quantities  of  sodium  and  potaAsium  in  the  corpuscles  and  seruiu 
r«i|)ectively  appear,  however,  to  vary  in  different  animals;  in 
9ome  the  sodium  salts  are  in  excess  even  in  the  corpuscles. 

[Properties  of  the  White  Corpuscles. — The  white  corpuscles 
exist  in  the  blood  oh  free  masses  of  protoplasm.  They  uppeAr 
as  globules  with  granular  contents,  fre(]Uoiitly  containing  a 
uucTeuB  or  nuclei.  As  observed  on  the  stnge  of  the  micniscope, 
they  are  irregularly  shaped  musses,  and  are  remarkable  for  their 
peeudopod  prolongations  and  movements,  which,  from  their 
resemblance  to  those  of  the  annuba,  have  been  termed  "  the 
amoeboid  movements/' 
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fViniiiiua  WlifiiT  iWpim'tc.  HNHi  HHrr  iiH  wiilxlmwal  rr*'iii  Uh)  vciwln  (mM|riufti-<l).    h.  TIik 
vttrltirx-  lnM  «ini*<  pricklf.    h.  rrotru^luti  of  larfr»r  i»rocuiiH'i»  and  Miil'ttriUuii  uf  u\n'M. 

Id  the  bloodveesels,  they  sustain  their  globular  form,  and 
have  0  tendency  to  adhere  to  the  sides  of  the  -Vessels — a  ten- 
dency directly  op|>oBite  to  that  of  the  red  corpuscles.  They 
tioeseffl  a  very  remarkable  property  of  migrating  through  tbe 
iQtorceMutar  mtersliccs  of  the  capijlariea  into  the  adjacent  tis- 
suce.  In  this  net  of  migration,  it  is  assumed  that  a  prolonga- 
tion ia  sont  out,  which,  pt^netrating  the  intercellular  sul)staDce 

*be  vewel'Wall,  cuatinuea  to  urge  its  way  through,  more  and 
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more,  until  the  whole  mass  of  protoplasm  has  paaaerl ;  other 
observerij  assume  that  it  is  a  kind  of  tiltration;  and  still  others, 
that  the  exit  tnkod  place  tlirough  preexkting  opejiiugs  (gtomata) 
in  the  capillary  walls. 

Through  the  intervention  ui'  vital  processes,  the  corpuscles, 
afler  reaching  the  extravascular  tissues,  may  undergo  such 
changes  in  the  differentiation  of  the  amrEbifoim  unita  and  dif- 
ferentiation of  structure  that  they  become  component  parts  of 
the  tissues,  and  we  have  "  the  manifestation  of  certain  only  of 
the  fundamental  properties  of  protoplasm,  to  the  exclusion  »r 
complete  subordination  of  others." 

The  corpuscles,  as /f«;  protoplasm,  possess  all  the  fuudamental 
properties  of  protoplasm.  Asjiaed  protoplasm,  they  hise  certain 
nf  the  amwbitorm  units.  Free  proUtplasm  is  autonuitic;  fixed 
protoplasm  is  subservient  to  the  influences  exerted  through  the 
nervous  system.  This  is  probably  true  of  all  fixed  protoplasm, 
and  we  find,  in  rising  the  scale  of  life,  that  the  more  differen- 
tiated and  fixed  the  protoplasm,  the  greater  proportionately  is 
the  development  of  the  nervous  system. 

The  migration  of  these  corpuscles  is  best  seen  in  points  of 
inflammation,  where  vast  numbers  are  oliserved  congregated  in 
the  bltMxlvessels  and  extravascular  tissues.  Professor  Binz  and 
other  investigators  have  proven  that  quinine  has  the  very  inter- 
esting power  of  preventing  this  migration.  He  exposed  the 
mesentery  of  a  frog  on  the  sta^e  of  a  microscope,  and  found 
that,  after  a  hypodermic  injection  of  rjuiuine,  the  mifcration  was 
immediately  checked,  lie  also  found  that  in  areas  of  inflam- 
mation, when  the  migration  was  most  active,  it  at  once  ceased 
after  the  administration  of  the  drug. 

In  size  they  are  somewhat  larger  than  the  red  corpuscles, 
measuring  about  11  mmm.  in  diameter.  Although  the  red  cor- 
puscles vary  exceedingly  in  size  in  different  species  of  animals, 
the  white  corpuscles  always  retain  about  the  same  measurement.] 

Composition  of  the  White  Corpuscles.— Our  knowle<lge  of  the 
exact  nature  uf  the  pruteid  matrix  v(  the  white  corpuscles  is  at 
present  tof»  uuccrtain  to  enable  any  definite  or  useful  statements 
to  be  made,  and  the  probable  relation  of  the  corpuscles  to  coag- 
ulation has  already  been  spoken  of.  The  cornuscles  are  found 
to  contain,  in  addition  to  proteid  material,  lecithin  or  protagon, 
glycogen,  extractives,  and  inorganic  salts,  there  beinu;  in  the  ash 
a  preponderance  of  potassium  salts  and  of  phosphates.  The 
nuclei  contain  nuclein.  Upon  the  death  of  the  corpuscle,  the 
glycogen  appears  to  be  converted  into  sugar. 

Both  the  corpuscles  and  the  plasma  (or  serum )  contain  gases. 
These  will  be  considered  iu  couuecliou  with  respiration. 
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The  main  iacta  of  intcregt,  then,  ld  the  chemicftl  compueit'ion 
of  the  hUtitd  are  ah  foUowe:  The  red  corpuscles  cunaist  chiefly 
uf  hiemoglobiu.  The  organic  solids  of  aeriiiu  coiiHist  [mrtly  of 
serum-nlbuinin,  and  partly  of  parHglobuliii.  The  aeriira  «ir 
plaania  contrn.^ts  in  man  ut  least  with  the  corpuscles,  iiinsmuf'h 
ji5  the  former  conuiins  chieHy  chlorides  and  sodium  salts,  while 
the  latter  are  richer  in  phoitphatc'S  and  potassium  salts.    The  ex- 

^tractives  of  the  hlood  are  remarkable  rather  for  their  nuudier 
and  variability  than  for  their  ahiindanc-c,  the  most  constant  and 
important  being  perhajis  urea,  kreatin,  sugar,  and  tactic  acid, 
desti 


8ec.  3. — The  Histouy  or  the  Corpusclks. 


lu  the  living  body  red  blood-curput^cles  are  continually  being 
destroyed,  and  new  ones  as  continually  being  produced.  The 
proofs  of  this  are  : 

1.  The  number  of  the  red  corpusclee  in  the  blood  at  any  given 
time  varies  much. 


The  number  of  noppuiJilfts  in  a  irpt^cinion  of  hUyfxl  U  (hiinrnnu^]  hy 
intiing  n  erriHll  but  carvfuliy  nitmHin'd  rjuantity  nf  the  bluod  with  u  lurge 
quantity  of  tome  indittprent  Hiiid,  and  then  actually  countini;  the  corpus- 
cles in  a  knuwn  luiniinHl  hulk  of  the  uiixtiire. 

This  inny  ho  done  cither  hy  Viyr.'rdt'»  nlnn  (somewhat  modiflt'd  by 
Oowcr^),  iu  wliich  u  rtiinininl  (piitDtily  nf  Uio  diKiti>d  lloud,  iiieii^iirvd 
Id  ft  Sne  cnpilhtry  tube,  'm  fpn'iid  im  it  Aiirfitre  initrkcd  out  in  stjunre  arciis, 
■nd  the  number  of  cprpti^clo-s  in  (?uch  fquHiv  nrea  cotinted  under  the 
microsojM* ;  (>r  hy  thiil  of  Miiln<iiitv,,  in  which  Ihc*  dilult'd  hlfn?ii  i^  dmnn 
into  H  capillary  tuhf  with  flattf^nfd  side^,  and  tljc  niimhor  of  cnrpunrlM 
count<!tl  in  .niiu  in  the  lithe  hy  iiieatis  of  art  oculur  murkcd  uut  in  s<(U{irca, 
the  niirr(>!«c(>pe  being  »o  adjusted  that  euch  urea  of  the  ocular  curresi.tmds 
tn  a  certain  capacity  uf  the  cupillury  tube. 

The  average  number  of  red  corpuscles  in  mammals  generally 
ranees  from  3  to  1«  millions;  in  human  blood  it  is  about  5 
miltions  in  n  cubic  millimetre.  The  number  is  increased  by 
nieah}.  and  dimiuLahed  by  fasting;  of  course,  the  number  of  cor- 
puscles present  in  any  given  hulk  of  blowl  being  merely  the  ex- 
preesion  of  the  pro|>ortion  of  corpuscles  to  the  amount  of  plasma, 
vnriatii.ms  in  the  number  counted  might,  and  in  certain  cases  are 
probably  caused  by  an  increase  or  decrease  in  the  quantity  of 
plastDa,  occurring  while  the  actual  number  of  corpuscles  is  sta- 
tionary. Hut  many  of  the  variations  cannot  he  so  acc(mnte<]  for  ; 
Ihey  must  be  due  to  an  increase  or  Jecrease  of  the  total  number 
**f  corpuscles  in  the  body.  Atler  a  very  large  reduction  (>f  the 
****^l  number  of  red  corj)UBcle»,  ua  by  hemorrhage  or  disease 
v^Dujinia),  the  normal  proportion  may  be  regained  even  within  9^ 
^«»7  short  lime. 
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2.  There  are  reaaona  for  thinkiag  thai  the  uriDarr  and  bile- 
pigmeote  are  dcrivntivea  of  hieiingTobiu.  If  this  be  »>.  an  im- 
mense number  of  corpuscles  muat  be  ilf^t  roved  daily  (and  replacetl 
bv  new  ooee)  in  order  to  give  rbe  to  the  amount  of  urinary  and 
bile-pigment  dischargod  daily  from  the  ht»dy. 
^  3.  When  the  blood  of  one  animal  la  injected  into  the  Teasels 
of  another  (er.  gr.,  that  of  a  bird  into  a  mammal),  the  corpuscles 
of  the  first  mav  for  jtome  time  be  recognixe^J  in  bIoo<l  taken 
from  the  second ;  but  eventually  they  wholly  di:sappeBr.  This, 
of  course,  is  no  strong  evidence,  since  the  destructiun  of  foreign 
corpuscles  might  take  place,  even  though  the  proper  ones  bad  a 
permanent  exi^^lenec. 

That  the  while  corpuscles  or  leucocrtes  also  are  continually 
beiug  destroyed  and  replaced  is  sinitJarlr  probable  from  the  fact 
that  they  vary  extremely  in  number  at  different  times  aud  under 
varioua  circumstances.  Most  observere  agree  that  they  are  very 
largely  increased  by  taking  f(K)d,  Thus  during  fasting,  they  may 
b«  seen  in  a  drop  of  blood  to  bear  to  the  red  the  proportion  of  1 
in  800  or  1000.  Afler  a  meal,  this  proportion  mav  rise  to  1  in 
300  or  400. 

The  mode  of  origin  of  the  red  corpuscies  is  so  fully  dealt  with 
in  histological  treatises,  and  at  the  same  time  the  subject  of  so 
many  c«:iuflicting  ojiiuions,  that  it  will  be  suflicieut  to  remind  the 
reader  that  the  facts  at  present  in  our  possession  seem  to  show 
that  in  the  adult  the  generation  of  new  corpuscles  takes  place 
chiefly  in  the  red  medulla  of  bones,  but  also>  at  all  events  in  young 
animals,  and  especially  after  great  loas  or  destruction  of  red  cor- 

fiusclee,  in  the  spleen,  and  possibly  in  other  places.  In  the  pecu- 
iar  capillary  meshwork  of  the  red  medulla  are  found  certain 
corpuscles  which  differ,  among  other  characters,  fp^m  the  normal 
red  corpuscles  i  in  mammals  >  by  possessing  a  nucleus,  and  from 
the  ordinary  leucocytes  by  having  their  protoplasm  impregnated 
with  a  certain  quantity  of  hicmoglobin.  These  peculiar  interme- 
diate corpuscles  appear  to  be  transformed  into  normal  red  cor- 
puscles, but  the  exact  mode  of  transformation,  whether,  for  in- 
stance, the  nucleus  is  bodily  exinidci  from  the  cell^  or  broken  up 
within  the  cell,  or  whether  indeed,  as  some  think,  the  nucleus, 
and  not  the  whole  re)l,  be<Njme»»  the  reil  cxirpuscle,  is  nr»t  yet 
wlioHy  cteare<t  up.  Xur  are  ne  at  present  sure  whether  these 
iwculiar  corpuscles  themselves  arise  by  a  nielamtirphosis  of  ordi- 
nary leitciK-yttvi,  iir.  as  Btzzoitero  urges,  represent  a  special  claas 
of  cells,  wb<J6e  continual  exittence  is  insured  by  their  c<nuinuttily 
undergoing  divisi'»n.  Intermefliale  celU  of  this  description  .  which 
must  not  be  c<mfiiunded  with  Mualler  wilt*  dtscribed  by  Hayeni, 
and  called  by  him  hitnmtoblasts,  but  wh-isrf  uatun^  is  doubtful) 
have  been  seen  in  circulating  and  even  she*!  hU^ni  by  various  ob- 
servers, and  it  is  this  kind  of  corpuscle  which  Wtx.  tfchmidi  be- 
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lieved  to  break  up  so  largely  and  rlisapi)ear,  with  the  productiuu 
of  fibrin- factors,  when  blood  \»  shed.  Making  every  allowance 
for  controverted  poiutis,  we  may  conclude  that  the  red  medulla 
of  bones  has  an  important  function  in  giving  riae  to  new  rctl  cor- 
puecled.and  that  after  unusual  hrasordei^truciion  of  these  bodies, 
the  normal  activity  of  this  tissue  at  least  Ib  greatly  increased. 

When  we  come  to  treat  of  respiration,  we  »hall  bria^  forward 
evidence  that  the  red  oorpuacles,  by  virtue  of  lueinoglobiu,  have 
a  most  imporUnt  use  in  currying  oxygen  from  the  luuga  to  the 
several  tissues.  It  is  through  the  re<i  corpuscles  that  the  tissues 
themselves  breathe,  at  least  as  far  as  breathing  is  the  takiug  in 
of  oxygen.  We  do  uot  know  what  wear  and  tear  the  red  oor- 
pusclea  undergo  in  this  respiratory  function;  nor  have  we  any 
evidence  as  to  any  other  work  whlcli  they  perform  in  the  economy, 
and  which  would  tend  to  their  being  used  up.  But,  as  we  have 
already  urged,  we  have  reason  to  think  that  they  are  being  con- 
stantly destroyed,  and  apparently  one  place  at  least  where  this 
destruction  goes  on  is  the  spleen. 

In  this  or^an  may  be  Been,  as  Kolliker  long  since  pointed  out, 
large  protoplasmic  cells,  in  which  are  iucludcil  a  numl>er  of  red 
corpuscles:  and  these  red  corimsclea  may  be  observed  in  various 
stages  of  apparent  disintegration.  Moreover,  the  serum  of  the 
blood  of  the  splenic  vein,  unlike  that  of  blood  in  general,  is  said 
to  be  tinged  with  hemoglobin.  It  wouKI  seem,  therefore,  proba- 
ble that  a  certain  amount  of  hn^mogh^biu  is  set  free  in  the  spleen 
from  dipintjegraliug  red  corpuscles,  and  carried,  in  part  nt  least, 
thence  through  the  portal  circulation  to  the  liver.  Whether  any 
large  amount  of  destruction  of  red  corpuscles  goes  on  elsewhere, 
wc  do  not  know. 

Since  the  serum  of  blood,  witli  the  exception  of  that  from  the 
splenic  vein,  contains  no  dissolved  hu^moglobin,  it  is  clear  that 
tne  hiemoglobin  of  the  bruken-up  corpuscles  must  speedily  be 
transformer!  into  some  other  body.  Into  what  other  body?  In 
old  blood-clots  las  in  those  of  cerebral  hemorrhsge),  there  are 
frequently  found  minute  crystals  of  a  body  free  from  iron,  which 
has  received  the  name  htematrndin.  There  can  be  no  doubt  that 
the  hannnli'idiu  of  these  clots  is  a  derivative  iVoin  the  b:emoglobin 
of  the  et^capeiJ  Idood.  We  know*  that  ha'moglobiu  coutuiua,  be- 
tides a  proteid  residue,  a  residue  not  proteid  in  nature,  called 
h^matio.  We  know,  further,  that  htcmatin  may  lose-  the  iron 
which  it  contains  (,and  which  ap|>earB  to  be  loosely  attached), and 
yet  remain  a  colored  body;  so  that  thei*e  is  no  difficulty  in  the 
passage  from  the  proteid-and-iron-coutuining  hiemoglobin  to  the 
pntieid-and-iron-free  ha^matoidin.  But  h:ematoidin,  not  only  in 
the  form  and  appearance  of  its  crvstaU,  but  also,  as  far  as  can  he 
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ascertained  by  the  ftnalysis  of  the  small  quantities  at  diBpDsal,  in 
its  chemical  couipoeition,  ia  identical  with  biUrubm^  the  primary 
pigment  of  bile.  Moreover,  according  to  some  observers,  the  in- 
jection of  hxMuoglobin,  or  of  dissolved  red  corpuscles,  into  the 
veflsele  of  a  living  animal,  gives  rise  to  a  large  amount  of  bile- 
pigment  in  the  urine,  and  at  the  same  time  increadefl  enormously 
the  relative  quantity  of  bilirubin  in  the  bile.  Thus,  though  no 
one  has  yet  succeeded  in  producing  bHintbin  artificially  from 
biemoglobin,  and  the  actual  identity  of  the  two  cannot  as  yet, 
perhaps,  be  regarded  as  settled  facte,  and  e-spccially,  perhaps,  the 
presence  of  hiomoglobin  in  tlie  fierum  of  the  splenic  vein,  and  its 
disappearance  after  tlie  blood  liaa  pasiieii  through  the  liver,  point 
very  strongly  to  the  view  that  the  red  corpuscles  are  used  up  to 
supply  bile-pigment. 

Our  knowledge  of  urinary  pigments  is  so  imperfect,  that  little 
can  l>e  said  as  to  their  relation  to  hicmoglobin.  We  cannot  at 
present  definitely  trace  the  normal  urinary  pigment  back  to 
birtnoglobin,  however  probable  such  a  source  niuy  seem. 

As  regards  the  white  corpuscles  of  the  blocni — using  this  term 
without  prejudice  or  as  to  the  question  whether  or  no  there  be 
more  than  one  distiDCt  kind — these,  as  we  have  seen,  also  come 
atiri  go. 

The  fact  that  in  the  Irmphatic  glands,  and  other  adenoid 
structures,  corpuscles,  similar  to  if  nut  identical  with  white  blood- 
corpuscles,  are  to  be  seen  of  very  various  sizes,  many  with  double 
nuclei,  and  some  indeed  actually  dividing  into  two  corpuscles, 
suggests  that  theae  organs  are  the  birth-places  (»f  the  white  cor- 
puscIcH.  The  lymph  is  continually  pouring  into  the  blood  a 
crowd  of  white  corpuscles,  which,  since  they  for  the  moat  part 
make  their  appearance  in  the  lymph-vessels  after  the  latter  have 
traversed  the  lymphatic  glands,  probably  take  origin  from  those 
bodioff. 

At  the  same  time,  it  is  open  for  us  to  suppose  that  any  pro- 
liferating tissue  may  give  rise  to  new  corpuscles;  and  Klein 
Htales  that  he  has  seen  them  budded  off  from  the  reticulum  of 
the  spleen.  The  white  corpuscles  have  also  been  observed  to 
divide.' 

We  may  conclude,  therefore,  that  the  white  corpuscles  prolv 
ably  arise,  by  division  chiefly,  from  the  corpuscles  of  adenoid 
tiuHuo.  but  that  other  sources  may  exist. 

While  we  are  able  to  attribute  to  the  numerous  red  corpuscles 
an  important  respiratMry  functinn.  we  are  ai  present,  at  all  events, 
unaware  of  any  special  work  carried  on  by  the  scantier  white 
corpuscles  while  they  are  Ijeing  hurried  nltinp  in  the  bloo<l-eur* 
rent.     As  far  a.*?  our  present  knowledge  goc»,  they  seem  to  tarry 
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\u  the  blood  only  on  iheit-  way  either  to  be  broken  up  or  to  pass 
into  the  liesues. 

We  httve  already  referred  to  the  probable  view  thai  it  is  not 
the  ordiuary  wliiie  corputtcle,  but  a  ^pcciul  kind  of  corpuacle 
which  is  transformed  iuto  the  red  corptiticle;  if  thi^i  is  the  case, 
tlie  keeping  up  a  supply  of  red  corpuscles  cnnuoti  as  waa  once 
thought^  be  an  important  end  of  the  existence  of  white  eorpusdoa 
in  general.  We  hnve  already  (p.  47)  dwelt  on  the  probability 
that  the  coapulntion  of  shed  blood  is  due  to  white  corpusclefl 
breaking  up  and  discharging  certain  fibrin  factors  into  the  pbtsiua ; 
but  it  is  uncertain  in  the  first  place  wbetlier  this  function  is  to 
be  attributed  to  all  white  corpuscles  or  to  a  special  kind  only, 
flud  in  the  second  place  whether  in  normal  conditions  of  the 
economy  any  appreciable  amount  tjf  fibrin-factors  is  in  this  way 
habitually  discharged  into  the  blood,  and  as  constantly  got  rid 
of  without  fibrin  beiug  formed.  It  U  quite  possible  that  normal 
circulating  plasma  may  always  contain  a  certain  stock,  for  in- 
stance, of  fibrinogen,  which  is  continually  being  drawn  upon  tor 
the  nourishment  of  the  tissues,  and  as  continually  replaced  by 
the  destruction  of  corpuscles.  But  there  are  no  facts  at  present 
which  absolutely  contradict  the  view  that  fibrinogen  is  normally 
ftl^ent  from  intact  circulating  plasma,  and  tliat  the  arrangementa 
for  tiie  manufacture  of  iibrin  txist  only  for  the  purpose  of  meet- 
ing the  contingency  of  fibrin  being  required  under  circumstancea 
which  may  be  considered  abnormal. 

On  the  other  linnd,  we  know  that  in  an  infinmed  area  the  white 
corpuscles  migrate  in  large  numbers  into  the  extravasculur  por- 
tions of  the  tissues,  and  it  has  been  maintained  that  not  only  the 
pus-corpuscles  and  "exudation"  corpusclea  which  are  the  com- 
mon products  of  infiammatiou,  but  even  the  new  tissue  elements 
I  connective-tissue  cells  and  fibres"),  which  make  llieir  appearance 
as  the  result  of  the  so-called  "  productive"  intlammations,  are  the 
dcsicendants,  immediate  or  remote,  of  Huch  migratory  corpuscles. 
But  a  discussion  of  this  question  wouhl  lea*!  us  too  far  away  from 
the  purpose  of  this  work. 

It  would  appear,  therefore,  that  with  the  exception  of  the  re- 
spiratory function  of  the  red  corpuscles,  the  ph\>iological  interest 
of  the  biood  is  attached  ratl»er  Ut  the  plasma  than  to  the  corpus- 
cles. The  work  doue  by  the  corpurtcles.  even  when  it  is  fully 
understoml,  will,  with  the  exception  of  the  carr)'iug  of  oxygen 
hy  the*  red  corpuscles,  always  appear  insignificant  compared  with 
tlte  incessant  labors  of  the  plasma,  which  is  for  ever  bui^y  as  the 
niidtlle-man  lietween  the  several  lispiioi,  bringing  to  each  tissue 
what  it  nee<U  and  taking  from  it  that  which  is  useless  or  even 
iujuriotia  to  itself,  hut  ncccasary  to  the  well-being  of  some  other 
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Bbc.  4. — The  Qi'antity  op  Blood,  and  its  Distbibution  in 
.  TIIE  BoiiY. 


The  totnl  quantity  of  biootl  present  in  an  animal  bixly  is  eell- 
mate^i  in  the  i'ollowing  way  :  Ah  mui-h  blood  as  poesible  is  allowed 
to  escape  irom  the  vessel?;  tliis  is  measured  directly.  The  ves- 
selu  are  then  washed  out  with  uater  or  normal  saline  aulution, 
and  the  washings  carefully  collected,  mixed,  and  measured.  A 
known  quantity  of  blood  is  diluted  with  water  or  normal  saline 
solution  until  it  possesses  the  same  tint  as  a  measured  specimen 
of  the  washings.  Tins  gives  the  amount  of  blood  (or  rather  of 
haemoglobin)  in  the  measured  specimen,  from  which  the  total 
quantity  in  the  whole  washings  is  calculated.  Lastly,  the  whole 
budy  is  carefully  miuoed  and  washed  free  from  blood.  The 
washings  are  collected  and  Hltered,  and  the  amount  uf  blood  in 
them  estimated  as  before  by  comparison  with  a  s[>ecimen  of 
diluted  blood.  The  quantity  of  bloud  in  the  two  washings,  to- 
gether with  the  escaped  blood,  gives  the  total  quantity  of  blood 
in  the  body. 

The  method  is  not  free  from  objections,  the  most  serious  of 
which,  perhaps,  are  attached  to  the  difficulty  of  obtaining  infu- 
sions ot  the  minced  tissues  clear  enough  to  have  their  tint  accu- 
rately estimated,  and  to  the  fact  that  the  animal  must  be  killed 
for  the  purpose  ;  but  other  methods — for  inptance,  those  in  which 
the  quantity  is  calculated  from  the  proportion  of  red  corpuscles 
to  plasma  before  and  after  either  diminution  of  the  plasma  by 
sweating  or  increase  by  the  injection  of  serum  or  other  fluids  free 
from  corpuscles— are  open  to  still  graver  objections. 

From  the  result  of  a  few  observations  on  executed  criminals, 
it  has  been  concluded  that  the  total  quantity  of  blood  in  the 
human  body  is  about  j^i^th  of  the  body  weight.  But  in  various 
animals,  the  proportion  of  the  weight  of  the  blood  to  that  of  the 
boily  ha^  been  found  to  vary  very  considerably  ;  and  probably 
this  holds  giM^A  for  man  also,  at  all  events  within  certain  limits. 

The  blood  is  in  round  numbers  distributed  as  follows: 

About  one-fourth  in  the  heart,  lungs,  large  arteries,  and  veins. 

About  one-fourth  in  the  liver 

About  one-fourth  in  the  s^koletal  muscles. 

About  one-fourth  in  the  other  urgans. 

Since  in  tho  heart  and  j:r<*iU  Ii1i»'»1\c.*.h'1s  the  blood  is  simply 
in  transit,  without  imdgeuiii^auy  great  changes  (and  in  the 
lungs,  im  far  an  we  l|HHHHhM|MnJi(nitetl  ti>  rr:^|)irau>ry 
changes),  it  fidt<Ava!BiBIHBI^^^^^kM>  ti^L^tiUuti  In  the 
blood  passing  ed 
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The  greater  number  of  the  movements  of  the  complex  animnl 
body  are  CJirrieci  on  by  means  of  the  pkelotal  Hlriated  musi'les, 
A  skeletal  muscle  when  snhjected  tocertiiin  intlneiicescontrncta — 
I.e.,  Bbortcn»,  bringing  itu  two  eudt*  nearer  logetlier;  unil  the 
shortening,  acting  through  various  bony  levers  or  by  help  of  other 
mechanical  arraugemeats,  prixluceii  a  movement  of  some  part  of 
the  body.  The  striated  tissue  of  which  the  skeletal  muBoles  are 
composed  is  the  chief  contractile  tissue.  The  peculiar  muscular 
tiflsue  of  the  heart  is  another  contractile  tissue ;  under  certain 
influences  the  fibres  into  which  it  is  arranged  shorten,  and  thus 
give  rise  to  the  beat  of  the  heart.  A  simitar  shortening  or  con- 
traction of  the  fusiform  rtbre-cells  of  plain  muscular  tissue,  gives 
rise  to  movements  such  ua  changes  of  calibre,  etc.,  of  the  ali- 
mentary canal,  the  urinary  bladder,  the  uterus,  the  arteries,  and 
the  like. 

At  first  eight,  "contraction  "  of  any  one  of  these  forma  of  dif- 
ferentiated muscular  tissue  seems  wholly  unlike  an  amoeboid 
movement  of  an  amoeba  or  of  a  white  lilood-corpuscle.  And  yet 
the  transition  from  the  one  to  the  other  is  very  slight,  A  typical 
anidiba  may  be  regjirded  as  spherical  in  form,  and  when  it  is 
executing  iU  movements  the  pseudopodic  bulging  of  ita  prott)- 
plusm  may  be  seen  to  occur  now  on  this,  now  on  that,  part  of  itH 
circumfereuce,  and  to  take  now  this  and  now  that  direction.  The 
fibre-cell  <»f  plain  muscular  tissue  is  a  nucleated  protoplasmic 
mass  of  a  distinctly  fusiform  8ha{>e,  and  when  it  executes  its 
movements — i.e.,  contracts,  the  bulging  of  its  protoplasm  is  always 
a  lateral  bulging  in  a  direction  at  right  angles  to  the  long  axis 
of  the  fibre-cell.  Siucc,  as  we  shall  sec,  there  is  no  change  of 
total  bulk,  this  thickening  of  the  fibre  by  means  of  the  lateral 
bulging  is  necessarily  accompanied  by  a  sh'trteuing  of  its  length. 
The  contraction  of  muscular  tissue  is,  in  fact,  a  limite<l  and 
definite  anireboid  movement  in  which  intensity  and  rapidity  are 
gained  at  the  expense  of  variety. 

Ueeides  these  movements,  which  are  carried  out  in  the  body 
by  means  of  diifereutJated  muscular  tissue,  there  are  othere 
brought  about  by  the  peculiar  structures  known  as  cilia,  among 
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which  we  may  ioclude  the  motile  taile  of  spermatozoa ;  and  ordi- 
nnrv  nmrrboid  movement.H  are  not  wanting?,  being  oonapicuouBly 
shown  by  the  ao-called  raigratiug  cells.  We  may  include  both 
these  under  the  heading  of  contractile  tiasuea. 

Of  all  these  various  forma  of  contractile  tissue,  the  skeletal 
striated  muscles,  on  account  of  the  more  cnmfdete  development 
of  their  functions,  will  be  better  studied  Hrst ;  the  others,  on 
account  of  their  very  simplicity,  are  in  many  respects  less  satis- 
factorily understood. 

All  the  ordinary  striated  skeletal  muscles  are  connected  with 
nerveH.  We  have  no  reason  for  thinking  that  their  contractility 
is  called  into  play,  under  normal  conditions,  otherwise  than  by 
the  agency  of  nerves. 

Muscles  and  nerves  being  thus  so  closely  allied,  and  having 
besides  »*>  many  pntpertiey  in  coiiiniun,  it  will  conduce  to  clear- 
ness and  brevity  if  we  treat  them  together. 

[/%ywt>fo^eca/  Anatomy  of  the  Skdetal  or  Voluntary  jVu/tcfcs. 

The  skeletal  muscles  compose  that  portiim  of  the  body  which 
is  comnumly  termed  flesh.  They  are  made  up  of  bundles,  which 
are  subdivided  through  several  gradations  into  smaller  bundles. 


Tmmvitr**  S<4-tloti  of  n  ivnuiii  of  it  Moirlf  (iitiiitiiinMl).  atiitwliijc  ftnmlli'r  ImioiH**  wiUi 
ftttmittrj  ftn4  prtntltiTi*  favk'till.     •■,  i<\trninl  iMrtmyafatn  ;  r,  InltTriml  ^vimjtimn. 

These,  in  their  turn,  consist  of  secondary  fasciculi  closely  l)ound 
togfither.  and  inch«ed  iu  afibn^areolur  tissue,  called  the*' internal 
perimysium."  ("Fig.  8,  c")  The  internal  perimysium  is  formed 
by  prolongations  from  the  "external  perimysium,"  which  envelope 
the  muscle.    (Fig.  8,  a,) 

Thevc  fasciculi  are  mode  up  uf  a  number  o^ primitive  foscicali, 
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or  fibres,  placed  parallel  with  each  othor,  encli)6e*l  and  eeparatcci 
by  a  flehcate,  structureless  membrane  called  the  'sarcolenoma. 
They  are  more  or  less  flattened  on  their  siHes,  owing  to  the  pres- 
sure of  adjacent  fibres.     These  fibres,  which  are  the  contractile 


Fig  0 


A,  u  )fii»t.-uUr  Kihn-  Hliuwluif  loujiiiuilliuil  uikI  ljnii-r<-ixi'  \nfo  nf  tw|«r»ll<>ii ,  r,  lti<llvl«liMl 
niiflll'"',  itlilili  tiATv  In-i'u  w>|«rulf«l  In  ttio  ImiHltudiuul  limw :  It,  pIkiwImk  tliir  tniii>\)>rw>  lliit.<* 
ut  ■•(■mUMti ;  b'.  fUtf  ilfU^hMl  Mixl  ni>>rf  lilKlily  iii*ici<in">1.  «h>>vrlfi|C  •aniMi*  «-|fiiH-iiis  luitm 
•lleHnctly  ;  r',  0^,  umiit*  rli'tiii'iil*  iikm*  lifK't'j'  liiHRittflHl,  »lii>«rliitc  iliffKinn)  npiNmnuioM. 

substance  of  the  organ,  are,  in  their  turn^  composed  of  numerous 
long,  cylindriform,  thread-like  bodies  called  fibrHitx  (Fig.  9), 
which  have  distinct  longitudinal  lines  of  separation,  and  are 
marked  by  trnnaverse  striic,  giving  them  an  ap|>earance  which 
has  been  likened  to  a  number  of  strings  of  beads  closely  bound 
together.  The  transverse  atriic  murk  the  divisions  between  the 
ceTla  composing  the  fibrillw.  These  cells,  which  are  called  thtt 
"sai'cous  elements,"  are  rectangular  in  outline,  una  poaaessadark 
centre,  which  indicates  the  presence  of  a  nucleus. 

Fio,  10. 


Mil-  nlur  Kll*it;  ('•in  ii<'i>np  :  tliti  •nnnlfiuiii-a  lOll  •'iiiiiiit-iiiii,'  ihit  tw)  |iuTtr>  "1  th-  ni>i>- 
KfU't  Totiri  mill  tVmN«M, 

When  these  fibres  are  torn,  the  sarcoleroraa,  by  virtue  of  its 
greater  tenacity,  often  remains  intact,  and  forms  a  delicate  trans- 
parent tube,  in  which  are  enclosed  the  ruptured  ends  of  the  fibre. 
(Fig.  100 
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WheD  the  muKcultir  fibre  ia  attached  to  the  skin  or  mucous 
[jDembriine,  it  is  coutinuous  with  the  areolar  tissue;  wheu  attached 
to  a  teodon,  the  sareulemmu  becomes  joiued  to  the  tissue  of  the 
teuiion,  and  the  tibre  ends  in  a  cnuical  extremity,  which  Ih  re- 
ceived into  a  depressiou  in  the  tendon,  or  else  is  conuected  to  an 
adjoiuiug  fibre  by  means  of  the  sarcolemma. 

The  skeletal  muBcles  are  abundantly  8upplie<l  with  nerves  and 
bloodvessels.  The  nerves  are  {principally  supplied  by  the  cerebro- 
spinal system.  The  capillaries  form  elongated  meshes  outside  of 
the  sarcolemma.] 


8ec.  1. — The  Phenomexa  of  Muscle  and  Nerve. 

Mwiatlar  and  Nervous  IrntabilUy, 

The  skeletal  muscles  of  a  frog,  the  brain  and  spiual  cord  of 
which  Imve  been  deairuyed,  do  not  exhibit  any  spontaneous  move- 
ments or  contractions,  even  though  the  uerves  be  otherwise  quite 
intact.  Leflt  untouched,  the  whole  body  may  decompose  without 
any  contraction  of  any  of  the  muscles  having  l>een  witnessed, 
ither  the  skeletal  niui^cles  nor  the  uerves  distributed  to  them 
any  power  of  automatic  action. 

If,  however,  a  n)u.«cle  be  laid  bare  and  be  more  or  less  violently 
disturbed — if,  for  instance,  it  be  pinched,  or  toucheii  with  a  hot 
wire,  or  brought  in  contact  will)  certain  chemical  substances,  or 
subjected  to  the  action  of  galvanic  currents — it  will  contract 
whenever  it  is  tliua  disturbe<l.  Though  not  pijssessiug  any  au- 
tomatism, the  muscle  is  (and  continues  for  some  time  atler  the 
general  death  of  the  animal  to  be)  irritable.  Though  it  remains 
quite  quiescent  when  lefl  untouched,  its  powers  are  then  dormant 
only,  not  absent.  These  require  to  be  roused  or  "stimulated  " 
by  some  change  or  disturbance,  in  order  that  they  may  manifest 
themselves.  The  substances  or  agents  which  are  thus  able  to 
evoke  the  activity  of  an  irritable  muscle  are  spoken  of  as  stiiniUi. 

But  to  produce  a  contraction  in  a  muscle,  the  stimulus  need 
-not  be  applied  directly  to  the  muscle;  it  may  be  applied  indi- 
■lectly  by  means  of  the  nerve.  Thus,  if  the  trunk  of  a  nerve  be 
pinched,  or  subjected  to  sudden  heat,  ordip{>ed  in  certain  chemical 
substances,  or  acted  u|>on  by  various  galvanic  currents,  contrac- 
tions are  seen  in  the  muscles  to  which  branches  of  the  nerve  are 
distributed. 

The  nerve,  like  the  muscle,  is  irritable;  it  is  thrown  into* 
state  uf  activity  by  a  stimulus  ;  but,  unlike  the  muscle,  it  does 
not  itself  contract!  The  changes  set  up  in  the  nerve  by  the 
stimulus  are  not  visible  changes  of  form;  but  that  changea  of 
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A.  Ttic  niulft  vljttiuber  MwUloliti^  Uia  innaclv-nenrc  |itw|«r»Uun.  (Tli*  miiar1»-n«>nrp  mikI 
i>|frt7iNli>-h<i|(lcr  NHt  tliuwii  on  a  knirT  «r&]o  lit  F)(t.  12.)  Tbo  nitW-ir  m,  KiiirriKiVil  tiv  thi' 
i'Uni|>  .'( ,  wlilt'Ii  flnnlT  j;ni*i*  tli"  t'n-t  *tf  lli"  ffttmr/,  f«  "-ohnwlp-l  »•>  iwalw  "f  Kf  !^  h'»'k  • 
■ml  Fi  Itifflil  will]  itin  tt'MT  I,  (ilHtnl  IwloM  llip  ni<it«t  rtiBmU>r.  Tl>i<  nprra  r,  wilti  llic  jMirtiuri 
4>l  tUi*  ■t*lniil  mliiitin  n'  i*till  Attnrhol  to  II,  U  |i1iht*I  nn  the  ■'lr>i-tnMti~lii>l<}r>r  tt.  In  riinr*rt  wll1i 
t\\v>  wtivar,  y,  Ttx'  w)M>1t>  of  Ili>-  tnt<«>ii>r  'if  tin-  irliuw  >-nw-  if/.  i»  kr[>l  •Mliiralttl  >«Uli  iiii«Mun\ 
uti'l  lltn  Mltvliixlu-tMttiliir  U  •«  (i»ii«tnu-ti<it  ttiMl  «  [(Iwr*:*  of  iiiiiiaCntiMl  Ittittll n|;-|iitiMir  n\my  bo 
plrtCf^l  oD  It  without  <H>miutf  XuUi  •"miiiM't  viitli  llii>  none. 

J?.  Til"  n.'Ti.Iv|u4  r-^llniU'i  l-fomiiiiic  llir  MnuktMl  fulxri  on  wliiiti  !hc  l«-v»*r  wriu«. 

C  Ihi  ni»tii-II«>]niwimri  kxr  amnii*^  for  ftiorti-in-nitiiig.  T1h>  wfm  m  uid  y  of  titu 
r1c«-|tia](kbn]<ii(r  *rt  n>rinr<rim]  tliroiieli  Mti'lini:  •^rcw*  hi  Dir  tloir  iir  iIk'^  iimlMt  ••hKifitx-r  with 
Uut  wlnMy,  /,  Kiut  llicMo  iirr  k«>>-iir(Hl  in  ihf  k«'>'.  otU'  <>it  ritltvr  <i«U>.  To  Uitt  «nK>  ki>y  luw 
HtbH'b««t  Iho  «in9»(y  auti  y^jniaiiiiK  fruni  tbr  •Mri<mbir7  i^hIh  *.  f.  <>f  tbi<  inilnittnu-luiu-lilnM  /). 
TbU  9BruuiUrt  did  okii  l<r>  ui«#le  tu  >liilt<  up  an<1  dowu  uVf^r  tli«  itrimtiry  roll  pr.  r,  wflli  wbii-li 
•n>  coiiiHwiwI  th*  two  wirn*  #^ai>d  y"'.  «"'  UcMHinMrtv*!  JirvrUjr  wrllh  om*  ptlr — for  Imrtanre. 
tlift  fttpjmr  jttilp  <r.  f .  of  itiH  takllcry  K.  y"*  U  carrk**!  to  n  bJuiliug  •■rrw,  «,  of  tin*  M»r«r>  kfty  f, 
•ml  U  cofilluiitil  a»  tfiv  rroiii  Another  Irlndlnc  irn.*«i,  b,  uf  thv  kvr  t<>  Uic  dm:  |Mik  a.  ji.  uf  tlto 
iMttcnr. 

the  passage  of  a  sinple  induction-shock,  wbicli  may  he  talsen  as  a 
convenient  form  of  nn  almost  momentary  stimulus,  will  produce 


the  positire  (xinel  ftml  tlia  negnlirs  fuupfier)  ctfluients  are  conncolvd  ouUidv  th* 
bftUer;  hj  iocae  conducting  mftterUI.  aueb  m  *  wire,  Aod  the  current  ii  sAid  to 
flow  in  a  circuit  or  rlrole  from  the  lino.  or  pocitive  eleuient,  to  the  copper,  or 
oepitirt  element,  iH»idr  thr  bnitery,  aid]  then  from  the  copper,  or  negative  element, 
bock  to  the  line,  or  poflitive  element,  through  the  wire  outaiiU  tkr  bnittry.  If  the 
noDdacliiig  wire  he  cut  throu|[h,  the  current  ceaAcn  to  flow  :  but  if  the  out  end* 
be  bruuxhl  into  otHitact,  the  current  ii  re«*'ftiiblifhed,  aad  continuei  to  flow  so 
Ions  M  Ibe  contnot  i«  good.  The  wiref.  or  the  end*  of  the  wire*,  which  m%y  be 
fkahloned  in  T»rioua  wityii.  sre  oiled  elfctroJtt.  When  the  electrodes  are  brought 
Into  c'jntnct,  or  ere  vonnccted  by  tome  conducting  material,  galvanic  aclinn  i»  »ot 
np.  and  the  current  flowi  through  the  bntterj  and  wires:  thi*  ii  spoken  of  ae 
"  making  the  current,''  or  "ennipleting  or  clofin^  the  circuit."  When  the  elee- 
ln>de»  art  drawn  apirt  fron  each  other,  or  when  tome  non  ooniucting  nmterlal 
it  int*rpoMd  b«tween  them,  the  galvanic  action  is  arretted  ;  tbi<  in  vpoken  nf  a* 
"  breaking  the  current,"  or  *'u|>eniD|C  the  circuit."  The  current  pa!i!*ei  from  the 
etoctrode  conoecied  with  the  negative  utoppcr)  element  in  the  battery  to  the 
electrode  connected  with  the  pofitirc  Itinc)  eletnent  in  the  battery;  hence  the 
electrode  conuected  with  the  copper  ^negatire)  element  i«  called  the  fiu*t'rir« 
«toctro4e.  nnd  that  eoDDeote<i  with  the  lino  (|K>«itir«)  •leraent  Ii  called  th« 

u^ffittire  electrode. 

In  an  "  induetlun-macbine."  the  wire  connecting  the  two  elements  of  a  battery 
if  twifited  at  5o(ne  pnrt  of  it«  oourte  into  a  ol'>*e  •ptrnl.  called  the  /irtiriftrv  tiyil, 
Thu*,  in  Fig.  1 1  the  wire  x"'  connected  with  the  copper  or  negative  plate  <r./f.  of 
the  battery  E.  Joini  the  primary  coil  pr.  c,  and  then  pavfes  on  **y"'  through 
the  *'liej  "  /*,  to  the  poeitive  (ainc)  plate  i.  p.  of  the  batierr,  (tu  rig.  19.  p.  81, 
the  dlrecltun  of  the  current  from  x  to  y  thr  <  .'  *  i  rituiir.v  c>>i1  /'  ti»  ithown  by 
arrowi ;   but  in  tM#  fijcure  eomplicaliunt   "  i  whioli  "Ul  h*  nxplained 

hereariar.)     Over  (hip  primary  coil,  but  qui  1«<I  wttli  it,  •lUlva  another 

(Mil,  the  •rrtinHnry  roi7,  •  c  ;  the  ende  of  tha  wire  Inrniing  Ihli  enll,  y"  and  /", 
are  continued  on  in  the  arrangement  illiiitratvd  tn  the  flgtire  ae  y'  end  y,  anil  b« 
j'  and  X.  and  temiinnle  in  electrode*.  If  lhe«e  electrodai  are  lH  eonlaot.  or 
iTiinne<'ted  with  rondurling  material,  the  circuit  of  the  *e«>on4ery  (m>U  ti  tald  to  bo 
cloffcd  :  othcr»i*e  it  it  open. 

In  eueh  an  arrangement,  It  I«  found  that  el  the  moment  when  the  |>rlmary 
atrouLt  ie  cloeed— 1.  r.,  when  the  primary  current  i>  "  majc^"  a  tawmdarji  "!■• 
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DO  visible  change  in  the  nerve,  but  the  muscle  will  give  a  abort, 
sharp  contraction — i.  e.,  will  for  an  Instant  shorten  itself,  becoming 

ducnd  ''ciirreol  i*,  for  mn  exeMtliii);!/  bri«f  period  of  tWiie,  set  ap  in  tbe  »e«und»ry 
cuil.  Thui,  in  Fig.  U.  when  by  uiuviog  the  "  key  "  F.  jf'"  ao'I  s'",  previuunljr 
Dot  in  coDQoctioQ  frith  each  other,  are  put  Into  connection,  and  the  priaiinry  vur- 
rout  Iliu*  uinde;  at  that  infttant  a  current  nppearii  in  (he  wire*  y"  Hn<l  ■'".etc  , 
but  aliuopt  immediately  disappears.  A  ^ioiilnr  atmi'St  InatanliiQCoaf  current  is 
aUo  developed  when  the  primary  current  i*  "  brnkeii,"  but  nut  till  then.  Su  lung 
aj  the  prininnr  ourreot  flonv  with  unifMrm  intentily,  no  current  ix  induced  in  the 
■eeoDdary  coil.  It  is  only  when  the  prioinry  uurrcnt  is  either  inude  or  broken,  or 
•uildonly  veries  in  intensity,  that  a  current  upponrB  in  the  secondary  ooil.  In 
enofa  uase  the  current  is  of  very  brief  duration — gone  in  an  tostHnt  hIuhibI — and 
may  therefore  be  spoken  of  ae  "  a  shock '' — an  induction-shock ;  being  called  a 
**  makJDg  shock ''  when  it  is  oaused  by  the  mnktng,  nod  a  **  breaking  shuck" 
when  it  is  caused  by  the  breaking,  of  the  primary  circuit.  The  direction  of  tlie 
current  in  the  making  shock  is  opposed  to  that  of  the  primary  current ;  thus,  io 
the  flgnre,  while  the  primary  current  flows  from  x'"  tu  ^"',  the  induoeil  ainktug 
shock  flows  from  y  to  x.  The  current  of  the  hreaking  shock,  on  the  other  hnnd, 
flows  in  the  same  direction  a#  the  primary  current,  from  .r  lo  y,  and  Is,  therefore, 
in  direction  the  reverse  of  the  making  shook. 

Wbea  the  primary  ourrent  is  repeatedly  and  rapidly  mado  nnd  broken,  the 
teoondary  ourrent  being  dereloped  with  each  make  and  with  each  break,  a 
rapidly  recurring  seriee  of  altemntjng  ourrente  is  developed  in  ihe  iecimdHry 
ooil  and  poues  through  its  ulcctrudea.  We  shall  frequently  speak  of  this  as  the 
itiierrupled  induotion-oonent,  or,  more  briefly,  the  interrupted  current. 


FlO.  VI. 


Thu  mii*iW-iM)rre  prrimnrtiun  «if  Kik.  M.  "I'h  tli*-  tUiii|i,  i.li*tn«l«,  unl  iil.*i'tr.rfe^i»l.li'r, 
ai»  htTf  vtMJWu  nil  a  Uiv'  'f*^'    Thu  IWtitii^  a*  iit  Y\%.  11. 

Thi*  •|.|ttrnt»»  n^unJ  in  Cltf*  II  and  Vt  (s  luKiii-k-l  tiivrely  \»  llhirfrotu  il»e  goiu-ml  m<'th.«l 
iif  itudylnit  uiu*«l«r  .•.mtrwUoti;  ll  Is  »'«t  u*  \m  n\\\t\<^m(A  tlml  Hk-  .I.tttli«  Xivt^  jriveu  «n» 
mriiTrHtlly  adi>i>l«d.  "r.  iiiiUT.1,  iJiu  Iwwt,  for  oUpurn.**^.. 

Suppoeing  everylhing  to  be  arranged,  and  the  bnttery  chttrgod,  on  dc|.re*ting1 
the  handle,  ha,  of  the  M«r«  key,  /',  a  current  will  be  made  in  the  priiuary  ooir,1 
irr.  c,  pM^ing  froinc.;*.  through  x"'  to  pr.  c.  and  thence  through^'"  ton.  thence 
to  6,  and  so  through  ,»'.'  to  r  p.  On  remoTiDK  the  finger  fratn  the  handle  of  f,  a 
tpr)ug  thru«tfl  up  the  handle,  and  the  primary  circuit  i«  in  oonic^uenoe  inimcdi- 
alely  broken.  <    .       j 

At  the  insUnt  that  the  primary  currept  is  either  made  or  broken,  an  induced 
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thicker  the  while,  and  then  return  to  ita  previoiiB  coitilition.  If 
one  end  of  the  musclo  be  attached  to  a  lever,  while  the  other  is 
fixc^l,  the  lever  will  by  its  moveinent  indicate  the  extent  and 
duration  of  the  shortening.  If  the  point  of  the  lever  he  brought 
to  bear  on  some  rapidly  travelling  surface,  ou  which  it  leaves  a 
mark  ( bein^  for  this  |>urpotie  armed  with  a  pen  an<l  ink  if  the 
surface  he  plain  paper,  or  with  a  bristle  or  needle  if  the  surface 
he  smoked  gln«st  ur  pai)erf,  so  long  aa  the  niuBcle  remains  at  rc«t 
the  lever  will  describe  au  even  line.  When,  however,  a  contrac- 
tion take:?  place,  as  when  a  single  induction-shock  is  sent  through 
the  nerve,  some  such  curve  as  that  shown  in  Fig.  \'S  will  be 
described,  the  lever  riding  with  the  shortening  of  the  rauacle.and 
descending  as  the  muscle  returns  to  its  natural  length.  This  is 
known  as  the  "  muscle-curve."  In  order  to  make  the  "  muscle- 
curve  ''  Complete,  it  in  neceaaary  to  mark  on  the  recording  surface 
the  exact  time  at  which  the  induction-nhock  is  sent  into  the 
nerve,  and  also  to  note  the  speed  at  which  the  reconling  surface 
ifl  travflling.  These  points  are  best  etfected  by  means  of  the 
pendulum  myograph,  Fig.  14. 


ct  h 


Fki.  18. 


A  MwuMHJtiKVR  Omtainrp  t>^  H»A<t»  or  Tim  l*ci>i>(>Lt'ii  MtiMtMArn. 

Tu  Ik>  nwl  fnwti  )«n  b>  Hg:UL 

«  ln(llc*(*«  lilt'  fiiniiir>nt  nt  whl^li  \\w  ln<ln>'ljtiii-«tiiH'k  i»  «rnl  liiln  Ww  lN*rr«'.    h  lli«  tximituiiKV- 

itifiil,  t  III)-  titAXiiitiiii%  aii'l  if  III"  I'li-ax  iif  lli<*  4'>tii(n«'il>tii. 

CUItiH  tilt'  iuuarli»4'unr  U  tiif<  uiMn  iljuvn  \ty  it  tuiiinf^-f-rtk  luHkihic  IMi  ilnulJn  vll>nill>itw 

ft  »«<«Ni(iiI,  rw  li  r.iiiiiili'ic  nirri'  rfpn««'iiiiint.  Iltfi*'r..i>..     i     ut  h  «-4-m||i|.     it  wtll  U-  i>lM>nr«<il 

IliM  t))t<  jiliiit*  itT  itir  iu>(>i:ni|ili  KM  truvKllhii;  n«><n<  nii>l<lly  t>i<(«r«U  Uic  (-l«iM>  Uiun  ni  iim 

hf^lnnltifi  tif  tlHi  ruutiiM-llim,  uji  ahuwii  lijr  tkif  grtmbr  Icnittli  of  t\\n  vtdmthni^tirrr*- . 


c.nrrent  U  fur  th«  invdtnt  <]tivfl!n|ie(l  (n  the  McoDdKrjr  uoil  •  e.  If  tb«  crttf^-bnr, 
A  iu  tbe  Du  Hoi<*-K«>UMind  kcv  be  miexl  (ac  nhown  In  Ibe  tbick  line  In  th« 
flgurvt,  llii>  nirfo  j",  .1',  X,  th«  norvQ  bvtwocn  (bo  clcM:lrg(^c»  und  ibe  wire*, 
*f,S/',!f",  form  tb«  coin|ileia  jkortitt'lary  circuit,  nnd  ibe  nerve  oonscqtiently  ex> 
Mri«uceii  u  mrtklbn;  or  brenking  io'iuction-fhMck  wbcncTcr  tbe  priinarjr  nurr«nC 
If  rnndenr  broken.  If  iboeroai-biu-  ur  tb«  Hii  Itoia.Rej'iaiinil  ke>  bo  «bul  down 
ft*  ill  tbc  diiUud  liuv,  A',  In  ibe  figure,  ibe  rafipluBeo  »f  tbe  crciar-biir  U  *u  iligbt 
eoiDparvil  with  IhAl  or  tbf  nc>rv«  lod  of  tb*-  z  U>jiu  tbe  key  lu  Ibe  nerve, 

tbat   tbc  whfile  Beooodury    (iriduo«d}  ourn  roin   .1"  t-i  y"   lorfftiai*" 

to  J-"),  along  tbe  oroite-bftr,  and  prftoilejili  tiiaii  tttlti  tbe  narva.     Tn« 

Bonra  being  tliua  "  ehorUeireuiUd,"  i*  not  alTccted  b^  anjr  cbangM  in  tha  ourranL. 
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TlM  Afure  m  dlHTftmiulio,  ttic  eMpnti«U  unly  of  tli«  fnrtrameot  beinc  vbowiL  The 
wnoliMt'gliiM  pUiA.  A,  tirinir*  with  tlif>  pcnduliini,  B,  nn  niri<fnll;  mtJiiKtMl  ItfMrlDgiM  C 
Thfi  riinlrtranrr*  t>y  whirh  Ui"  rIa^  jilntn  rjiti  t>n  rcniovtwl  unci  rr>[>tarml  nt  jilciuntrr,  «rv  nnt 
•howti.  A  *i*<^>n<l  (iIam  i>Ut'',  *i  Amtiirixl  tlt*l  tlio  nnt  sJow  itUlc  rnav  t>^  movml  ii|)  Mi«1 
tluwQ  wllli'oil  <il(j!riii[t  ibu  fnlug  o(  lli«  pMUilnluiit,  U  »!«(  ^tuiitUvL  llufun!  >-<)iiiiiiL-ii(-iii|^  kh 
ax)>unuu'ut  tlit>  {Mtuttuluiu  l»  rulMwl  up  (lu  tin*  Htpire  b>  tlir  rifjlit),  ttu<l  in  kojit  in  tlmt  p(mltiuii 

hy  thit  it>'th,  ii,  rAichirti!  i>n  lh»  Avilnit-i'ftUli,  ^.  K*n  i1p[irf«iln){  iImi  cai«)i,  ft,  iho  k1«»  (ilAtr 
It  wt  frvr,  Bn^ltigfl  tnlo  ilic  ii<>w  iH.mhon  iti<Ut-Hti«]  t>)  tlio  ■lotlrd  lltit-«.  nnd  I*  IrrUI  In  llmt  pu«l- 
tinn  ttjr  tliv  l.-rlli,  1?*,  cntrlihirt  on  llic  rAtrh,  V.  Ill  the  .-mtrmMif  iU>wfn^llH-  t«">tt».  n,  cunitni; 
IniMiNiuiiH't  «ir)i  tlif  [>r<)J'->  itiiK*)^*!  n«l,  <-.  kn<-)i«  iiun  uimajiIc  lni»  ilif  |Mw(il>>n  iiidl<tii«Hl  hy 
th«  iliiltwl  liii",  <■',  Thf  n"l,  r,  !■  In  flw^rlr  i-<iiitintilt^  with  the  wire,  x.  iif  thn  |jriniNr,v  ttdl 
fiT  nn  utilm-tlo(i-iiiiM-|ilhi>.  Tbo  ■rrrvr.  <  i>  r>lriilLu'Ij'  in  t-lrxirlf  r<<ntintiil;)'  with  1lit<  wirfi.  y, 
of  tlir  MUko  |>rlTniir;  •^•11.  Tli>'  f-rvw,  rf,  an<l  th«  n^l,  r,  «r*  HmiM  with  )>tiillniin)  at  Uii- 
polnix  in  whfrh  ttix.T  arr  in  runlnct,  Jiml  iMttll  arc  InmintH  tiy  liifwtu  of  thn  r'lKmtt«  block,  «. 
A*  Inng  w  t  and  ff  KD-  in  r'lntAri  tht*  r'Irrult  nf  tlio  iirininr;  rnil  ut  whl<'h  «  iiuil  $  lirlnnft  I* 
cl<'iW<<L.  Wlicn  iu  ttA  awittff  Ul"  '•■•1h.  n',  kni^rkf  c  «w«s^  fnmt  >f,  M  ,1h*t  t(i«>lH.nl  thv  rlrrull  b 
l>rnbt!U,  nnil  ■  "  IfrraUinjr"  "h.ifk  U  •Piil  ihniiinh  th<»  I'loi-trndu"  miin««ct<v|  wlili  tb«  •tyowUry 
mil  uf  thi  UMu'hitif,  aihl  hi  lliroii^li  Mi(t  n<*nrr>.  TItv  Ii-v<t,  J.  llir*  mt)  mil^v  uf  whlrh  Uiliiiwn 
in  llw  Offvn,  ii  Iip'UkIiI  Xo  iHiir  on  Um  trlnw  pInU',  Hiid  whoii  ni  r«^t  diwrilxw  ■>  •imljilil  ltii«, 
or,  more  exactljr,  ntt  atx  uf  a  i'Ii^Ip  of  litrgn  nulitu.  Tliu  tiininf(-fork,  /,  tbo  (>1J<U  ■■liljr  i>f  i\w 
two  UniU  >tX  whIWi  M*  aliuwn  In  ll»»  flfttrw,  \\Wf*\  \in\nm\\t^w\y  lo-lnw  tlio  |i*vi«r.  ^Hrvm  h* 
mark  tlui  t>m». 

In  this  instrumenl  a  anioked-gla»«  plate,  un  which  a  lerer  writes,  fortni 
th«  bob  of  A  pendulum  and  coi^sequently  swings  wilh  it.  Tbo  pendulum 
with  tbo  g)i)9«  plHte  attached  being  raised  up,  \%  suddenly  let  go.  It 
iwingt,  of  cuunc,  to  the  uj){io»ito8ide«  the  glass  plate  travels  throufrh  an 
arc  of  a  eirclo,  and  the  lever  being  stAti(*n»ry,  the  point  of  the  lever 
dcsorib(*s  an  arc  on  the  ghit^s  plate.  The  rale  at  which  the  gla^s  plate 
travel* — i.e.,  the  time  it  takes  for  the  lever-point  to  describe  n  line  of  a 
given  len^ih  un  the  gla^^  plate,  muy  be  calciiliilod  from  the  length  of 
the  penduUini.  hut  it  is  biinpler  and  easier  to  place  &  vibrating  tuning- 
fork  inimcdiKlely  under  the  point  of  the  lever.  If  the  vibrntionii  of  the 
tuning-ffirk  aic  known,  then  the  number  of  vibrations  which  are  marked 
on  the  plntc  between  any  two  points  on  the  line  described  by  the  lever 
gtve«  the  time  taken  by  the  lever  in  parsing  from  one  (wint  Xo  the  utber. 
An  ea-M'  arrBngt-menl  permits  ihe  exnct  limn  at  which  the  fhock  i»  *ent 
lbruU|,'h  the  nerve  to  I'O  marked  on  the  lino  of  the  lever.  To  avoid  the 
confusion  of  loij  muny  tiwirkiiig*  on  the  plalr,  the  pendulum,  after  de- 
ftcribing  an  arc.  is  caught  by  a  «pring-cutch  on  the  oppfi*iie  tide 

A  complete  muscle-curve,  such  as  that  shonu  in  Fig.  18,  tAken 
from  the  gnstrocnemius  of  &  frog,  teacbos  us  the  following  facts : 

1.  That  although  the  passage  of  the  induci'd  current  from 
electrofie  to  eleclrofie  is  practically  instantaneous,  its  effect 
measured  from  the  entrance  of  the  ehock  into  the  nerve  to  the 
return  of  the  muscle  lo  its  natural  length  after  the  shortening, 
takes  an  appreciable  time.  Iu  the  tigure,  the  whole  curve  from 
aio  d  takes  up  about  the  same  time  as  eighteen  double  vibra- 
tions of  the  tuning-fork.  Since  each  double  vibration  here  rei>- 
resenta  iJj  of  a  second,  the  duration  uf  the  whole  curve  is  -^^  of 
&  second. 

2.  In  the  first  portion  of  thia  period,  from  a  tn  6,  there  is  no 
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visible  change,  do  shorteniug  of  the  muscle,  no  ruii^ing  of  the 
lever. 

3.  It  b  not  until  6,  tluU  is  to liay  after  the  lajwe  of  — ^  — *.  c, 

ftbout  ^  of  a  «ecoD(l,  that  shortening  begins.  The  shortening 
as  shown  by  the  curve  ia  tit  first  shtw,  but  soon  becomcB  more 
rapid,  and  then  slarkeus  again  until  it  reaches  a  maximum  at  c; 
the  whole  shortening  occupying  about  ^  of  a  second. 

4,  Arrived  at  the  maximum  of  shortening,  the  musule  at  once 
begins  to  relax,  the  lever  descending  at  tirat  slowly,  then  very 
rapidly,  and  nt  last  more  slowly  again,  until  at  d  the  muscle  has 
regained  its  natural  length  ;  the  whole  return  from  the  nmximiini 
of  contraction  to  the  natural  length  occupying  pj^ — i.  e.,  about 
^  of  a  second. 

Thus  a  simple  muscular  contraction,  a  simple  spasm  or  twitch, 
as  it  is  sometimes  called,  produced  by  a  niomeutiiry  stimulus, 
such  as  a  single  induction-shock,  consists  of  three  main  phiisea: 

1.  A  phase  antecedent  to  any  visible  alteration  in  the  muscle. 
This  phase,  during  which  invisible  preparatory  changes  are 
taking  place  in  the  nerve  and  muscle,  is  called  the  "  latent 
period.*' 

2.  A  phase  of  shortening  or,  in  the  more  strict  meaning  of 
the  word,  contraction. 

3.  A  phase  of  relaxation  or  return  to  the  original  length. 

Id  the  case  we  are  considering,  the  electrodes  are  euppoaed  to 
be  applied  to  the  nerve  at  some  distance  from  the  nuiacle.  Con- 
sequently the  latent  period  of  the  curve  comprises  not  only  the 
preparatory  actions  going  on  in  the  muscle  itself,  hut  also  the 
changes  necessary  to  conduct  the  immediate  etfect  of  the  induc- 
tion-shock from  the  part  of  the  nerve  between  the  electrodes, 
along  a  considerable  length  of  nerve  down  to  the  muscle.  It  is 
obvious  that  thcjfe  latter  changes  might  be  elinuuuted  by  placing 
the  electrodes  on  the  muscle  itself  or  on  the  nerve  close  to  the 
muscle.  If  this  were  done,  the  muscle  and  lever  being  exactly 
as  before,  and  care  were  taken  that  the  induction-shock  entered 
intii  the  nerve  at  the  new  spot,  at  the  moment  when  the  point  of 
the  lever  had  reached  exactly  the  same  point  of  the  travelling 
surface  as  before,  a  curve  like  that  shown  by  the  plain  line  in 
Fig.  lo  would  be  gained.  It  resembles  the  first  curve  (indicated 
in  the  figure  by  a  dotted  line)  in  all  points,  except  that  the 
latent  period  is  shortened  ;  the  contraction  begins  rather  earlier. 
From  this  we  learn  two  facts: 

I.  The  greater  part  of  the  latent  |>oriud  is  taken  up  by  changes 
ill  the  musL-Io  itself,  prei>amtory  ti»  the  actual  visible  shortening, 
for  the  two  latent  periods  do  not  differ  much.  Of  course,  even 
in  the  second  case,  the  latent  period  includes  the  changes  going 
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on  iu  the  short  piece  of  nerve  still  lying  l>etween  the  electrodes 
unil  the  niuacular  fibres.  To  elinuDate  this  with  n  view  of  de- 
tcrrnining  the  hUcut  period  in  the  muscle  itsell',  the  eleclroiles 
might  be  placed  directly  on  the  miisolo  poisoned  with  urflri.  If 
thitt  were  done,  it  would  slill  be  found  that  the  latent  perioi'l  was 


Fio.  15. 


ri'Hm  iLUimiATIA"  TMK   MKASt'BltllKKT  or  THI  VK».f»<1Tf   of    (   SmVOtV  IMTIIAL 

(DliMCmiiKiiitlio.)    Ti>  In*  mul  fr»in  left  lo  right. 

Thx  akitk»  miiM-lo-norvi'  |)rt'|Mr»U»ti  le  MtlnnilAlMl  |lia«  (kr  ks  paMsihlit  fntm  lh«>  tiiiMi*lP. 

{'J)  M  lirar  IM  |a>Mlli|i>  111  tttt'  IIIIM'lt-  ,   1»>|||    CUUIIlMlloll*   tUV    TVI/i^Wtvl    IrV   lilW  pVtHlultllU    tUJl*- 

){rtH|ili  it\nt-llji  ill  llii-  miiiai  «■>. 

Ill  il  I  tite  •Uiiiiilua  Kiihin  ilii>  Di-ne  nt  Ut<>  Uiiio  luilit'«inl  by  Uie  lln»  d,  Uto  cvintncttuii. 
tiliitwu  l>>  ttiv  tloiLml  luir,  tivg:lti»al  V;  Ibc  wliuto  latviit  jnyIuU  UuTtifun!  tf  (wUcbUO  bgF  Ihn 

lUal»lKt<  ftMQI  ■  III  f. 

In  t'ii  tUv  Mtmiitiv  rnior*  ihM(«m«t  f  xwtly  lb"  aUBo  Itnw,  a;  ilii>  <^iitnrtii>n,  ikowti  tqr 
r)ti*  iiiitmikfii  Dm*.  Im-^Iim  «t  ft,  ilip  |ut»iii  ^-n'Ml.  ilH-fvfKrv,  b  (inllfniwi)  !•;  itiv  dlftanea 
Iv'twiniu  u  mill  b. 

Tttf  ttiiK'  tMii>ii  u|t  hy  tbo  imnni)*  impulaf  lit  |i«tM(ii|(  nl'-nn  (tif  lfi)j[ib  <•(  urrrw  brlwvcu 
1  «ml  i  1»,  ih<'n>r>>iv,  lrMhi-»(v<]  liv  ihv  ilUiMmT  lir|«i<rii  6  «ii)|  h*.  ulikli  Bwj'  Iw  nMnirvd  by 
111*  ltiniii|:*(>'rk  rttryv  tvluw.  X.  B. — N\>  \»tuo  U  irti<ni  iti  tttir  D^iirv  Tor  tli*  vthntbnu  ••€  thr 
tiialli£-rt'rk,  nu^^  tfa^  Q^uk  U>lia|tmiiRia(|r,  Dw  AUtiuw*'  U^twxcn  tlm  nrii  cunr*^  «»  rMM- 
luwl  wttb  Uio  leajfUi  u(  ettlutr,  b&TluK  tieeu  |«tvu«e)7  t-xii|;gi;niiMl  fur  Uw  mkm  of  eimi>llctty. 

chiefly  taken  up  by  changes  in  the  muscular  as  distinguished 
from  the  nervous  clemenu. 

2.  Such  difference  as  dues  exist  indicates  the  time  taken  up  by 
the  propagation,  along  the  piece  of  nerve,  of  the  changes  set  up 
nt  tlie  far  end  of  the  nerve  by  the  iuductiou-$h<x*k.  These 
changes  we  shall  hereafter  speak  of  as  constituting  a  nervous 
impulse;  and  the  above  experiment  shoH^  that  it  takes  aome 
appreciable  time  for  a  nervous  impulse  to  travel  along  a  nervet. 
In  the  figure  the  difference  between  the  two  latent  period*,  the 
distance  between  b  and  b\  seems  almost  too  small  to  measure 
accurately  ;  but  if  a  long  piece  of  nerve  be  used  fur  the  experi- 
menl,  and  the  recording  surtiice  be  made  to  travel  very  fast,  the 
ditftrence  btrtweeu  the  duration  of  the  latent  period  when  the 
induoiion-ahook  Ls  ^nt  in  at  a  point  cioae  to  the  muscle,  and 
that  when  it  Is  sent  in  at  a  point  as  far  awajr  an  |Misaible  fn>m 
the  muscle,  mav  be  satisfactorily  meaBurod  m  (rartioua  of  a 
aecoud.    If  the  length  of  nerve  between  the  two  poiuta  be  aocu* 
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raielj  measured,  the  rate  at  which  a  uervoua  impulse  travels 
along  the  nerve  to  a  muBcIe  ciiu  thus  be  easiiy  uiileulated.  This 
baa  been  tbund  to  be  iu  the  frog  nb*)ut  28,  auti  iu  man  about  'W 
metres  per  second. 

Thus  when  a  momentary  stimulus,  such  ba  a  single  induction- 
shock,  is  sent  into  u  nerve  connected  with  a  moscTe,  the  follow- 
ing events  take  place. 

1.  The  genenitinn  at  the  spot  stimulated  ot*a  nervous  impulse, 
and  the  propagation  of  the  impulse  atoug  the  nerve  to  the 
muscle.  The  time  taken  up  by  this  varies  according  to  the 
length  of  the  nerve,  but  is  always  very  short. 

2.  The  setting  up  of  certain  molecular  chaug(*^  iu  the  muscle, 
unaccompanied  by  any  visible  alteration  iu  its  form  constituting 
the  latent  period,  and  occupyiug  un  an  average  about  jjfj^  of  a 
second. 

3.  The  shortening  of  the  mu&cle  up  to  a  maximum,  occupying 
about  yj^  of  a  secttnd. 

4.  The  return  of  a  muscle  to  its  former  length,  occupying 
about  -r^  of  a  second. 

We  have  given  what  may  be  considered  the  average  duration  * 
of  each  phase  chiefly  for  the  sake  of  showing  their  relative  pro- 
portions. But  it  must  be  borne  in  mind  timt  the  duration  of  a 
contraction  dilfern  in  ditlereiit  auiinuts  and  in  different  muscles 
of  the  same  animal  ;  in  the  rabbit  tlie  more  deeply  colored  so- 
iled "  red"  muscles  have  iu  their  contraction  a  longer  period 
than  have  the  pale  muscles.  The  duration  may  also  diifcr  iu 
the  same  muscle  under  different  conditions;  moreover,  the  dura- 
tion of  the  several  phases  may  vary  iudepeudently.  Tempera- 
ture has  a  marked  effect  iu  varying  the  length  of  the  muscle- 
curve,  a  high  temperature  shortening,  and  a  low  temperature 
prolonging  the  contractit>u,  nnd  especially  the  third  phase,  or 
relaxation.  Fatigue  also  lengthens  the  contraction,  as  do  also 
to  a  remarkable  extent  certain  poisons,  such  as  veratriu.  Aa 
increase  in  the  load  which  the  muscle  is  lifting  shortens  the  de- 
scending or  return  part  of  the  curve,  aud  increases  the  length 
nf  the  latent  period.  All  sucli  influences  will  be  better  studied 
when  we  come  to  speak  more  iu  detail  of  the  chauges  which 
take  place  in  a  muscle  during  contraction.  Their  effects  are 
only  mentioned  now  in  order  that  the  render  may  thus  early 
learn  to  conceive  of  even  a  simple  muscular  contraction  ae  a 
complex  act,  the  several  parts  of  which  are  variable,  so  that 
many  dillering  forms  of  a  uiuscle-curve  may  be  obtained  under 
different  circumstances. 


^  The  curve  JeeuribeJ  in  tha  previous  text  huppoDOil  to  kavti  a  ritlbor  lung 
Ut«nt  ueriijd,  und  the  loDgthening  to  be  of  shorter  invtoaJ  of  longer  ilurution 
Ihui  tne  fhorteniDR. 

7» 
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Tetanic  Oontractitms. 

If  a  single  iDduction-Bhock  be  followed  at  a  sufficiently  shoi 
interval  by  a  second  8h«Kk  of  the  same  strength,  the  lirst  t^imple 
contraction  or  epasru  will  be  followed  by  a  second  spasn),  the 
two  bearing  some  8uch  relation  to  each  other  as  that  shown  by 
the  curve  in  Figf6,  where  the  interval  between  the  two  shocks 
was  just  long  enough  to  allow  the  first  spasm  to  have  passed  its 
niaxiraum  before  the  latent  periwi  of  the  second  was  over.  It 
will  be  observed  that  the  second  curve  is  almost  in  all  respects 
like  the  first,  except  that  it  starts,  so  to  speak^  from  the  first 

rThAVi^o  or  *  I><>rni.K  ilt'*:i.r-«Tiivii,  T"  ^t>  n«J  fr«.m  t'-n  Ut  rlKlit. 
Wtttli  the  mtwloi  wite  *'iiKmc>^  In  ili«  llnKviilnfil^u  iMliur*>(-<iiu|i1i-4ri.i>ur!!«*,  IiimI  iiuIIiIiik 
tnlcrri-tii'l,  If  lttil|(«t«^l  tiT  \hc  •Ittltml  lltiri.  a  niHid  I(Klil>liuii—li<>c'k  Mtu>  Uinmit  hi,  at  piK'h 
B  lluix  t)iit(  Uic  aucuiiil  fuhiru*  iJolt  UiOkn  Ju^t  04  tlio  Hrvt  «iu  hp^lini(v(  <"  *lt<«iilie.  Tlw 
MMiUtl  curYo  1*  weu  lu  siftrt  fndu  Ibn  llnC,  at  dots  tbe  Ant  ttvUi  Uiti  Ubs'-Uiiu. 
curve  instead  of  from  the  base-line.  The  second  nervous  im- 
pulse has  acted  on  the  alrea<iy  contracted  muscle,  and  made  it 
contract  again  just  as  it  would  have  done  if  there  had  been  no 
first  impulse  and  the  muscle  had  been  at  rest.  The  two  contrac- 
tions are  added  together  and  the  lever  raised  nearly  double  the 
height  it  would  have  been  by  either  alone.  A  more  or  ton 
similar  result  would  occur  if  the  second  contraction  began  at 
any  other  phase  of  the  first.  The  combined  eflect  is,  of  course, 
greatest  when  the  second  contraction  begins  at  the  maximum  of 
the  first,  being  less  both  before  and  afterwards.  If  in  the  same 
way  a  third  shock  follows  the  second  at  a  sufficiently  short  in- 
terval, a  third  curve  is  piled  on  the  top  of  the  second.  The 
same  with  a  fourth,  and  so  on. 

When,  however,  repeated  shocks  are  given  it  is  found  that  the 
height  of  each  contraction  is  rather  less  than  the  preceding  one, 
ana  this  diminution   becomes    more  marked  the  greater  the 

1  In  thia  kd<1  tfao  utfavr  etirvM  oT  lb)»  noUuD  tb«  iractnp  flgttrail  vrcre  Uken 
trom/rog'a  luuerlft. 


TIIK    PHK.VOMBNA  OF    MIT8CLB    AND   NERVE 


79 


uuiuber  of  Hhucka.  Hence,  afler  a  certain  number  of  ahocks, 
the  succeeiling  impulses  Ho  not  cause  any  further  shortening  of 
the  raiiscle,  any  further  raisiug  of  tlie  lever,  but  merely  keep  up 
the  contractiiiD  alreaily  pxinting.  The  curve  thus  reaches  a 
maximum,  which  it  maintains,  subject  to  the  depre^iug  elfecU 
of  exhaufftion,  ho  long  as  the  shock^  are  repeated.  When  theao<i 
cease  to  be  given,  the  muscle  returns,  in  the  usual  way,  at  first 
very  rapidly,  and  then  more  slowly,  to  its  natural  length. 
When  the  shocks  do  not  Buece4*d  each  other  too  rapidly,  the 
individual  contractions  may  readily  be  traceil  along  the  whole 
curve,  as  is  seen  in  Fig./7,  where  the  primary  current  of  the 
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itvmXM  TttBiiwn  isriii  TrTAsi'",  wnrjf  tuk    I'li»<*«it   t'l-iiniinii  »*■    a-h    l«iir<Tin»-MAftitxc 

If  nErtATKiaY  iiit'iKu^  at  i?<Tr.itV4Ui  i>r  Ri\iftL\  ix  a  n&ritMi). 

Tn  Iw  rt'wt  frtmt  WH  to  Hfc'it. 

Thn  U)>|H-r  llii«>  la  Itiftt  >VwrilM><|  t',v  tlitt  iiiu-i;l«.     T)i<>  lirwrr  niarlu  thm>,  thf>  IntiTVHli  Im 

t»i-Aii  llw  rli'ViiUnui  liiilti.-utJiite  •n.xiiil^.     Tlir  iutfriii<.itLii(L'  lliit'  «lii>w<  wbru  llif  «bu'.-lu  wef 

Mill  In,  nM-li  iimrk  •lu  tt  ctinvApiiiKlliii;  to  m  vliifrk.    Tlit>  I'^vcr,  whktt  ili>iH'r1h«'«  n  xtntlKhi  Muir* 

li^dim   tll«    •l|(H'k«   Hn)   allMiVr-il    til    r»lt    inlii   UlX    rwnrn,    Hmvi  ulnmrt    ViTTtluIlT    \i\lf    rl•^■t^l^U^t|l 

tutheo  tntvuUliiie  bi  thit  auxa  Muwly  i  w  tuun  »  Uio  Aral  aliM-k  unlvni  Uio  norvo  ut  ■■,  lU^  iiifc 
rtwii  i»  li  >-t-rt*iii  hitlitht,  11  IwicitM  to  tuM  *e%un,  Uui  In  it*  f.iU  i*  mlMt]  trnti-  luoro  ro*  IIM.. 
«miii<|  nlMM'k,  itiul  tliiu  bi  o  ({rvittiir  l)i'i;;lit  1tt«ii  li>-fi>ri:>.  !')>■'  Uiinl  «iul  *uii^ui«liiit[  clit 
Im*u  iluiUitr  i*(Tivl%  Itic  niiui-li-  viiuliuuin^  tn  Um-viiu"  aliurtor,  Uiuugti  tlii<  tUi-rtt-Liiitc  at  nui 
■biick  U  IfM.  AfbT  ti  %liilt>  tliK  liicrfO.*)  Ell  Itir  toU)  nliont'liliit;  »r  lliv  niu»<'l'<.  Ili<>it]||:li  iMj 
IihIIv1«1<mI  rijIlUiM'tliMin  nn<  ttill  ri»ll>l'*,  hImkwI  rcK>i(W.  At  h,  ll|i'  •lMi-k>  i'imimi  |ii  lie  •H'Mt  iiilo' 
lli«  Uvry*  ;  tiir.  colitrwliiMU  hIiikiH  luiiui^lUti'lj-  •lltaptH-iir,  mul  llii-  Itwr  furlliwllli  (Mttiiiu'tirex 
tQ  4rarMt>|.     Ttio  mitwin  b<>ln)t  hyhtljir  IimuIikI,  Hip  ik>tH-cuL  U  rvry  fmwliuil ;  the  ruttmjf  IiihI 

Mil fwgilMd  li«  immntl  lougih  whni  tbu  tnuiitg  wm  4h«it|M'il. 

induction-machine  was  repeatedly  broken  at  intervals  of  sixteen 
in  a  second.  When  the  shocks  succeed  each  other  more  rapidly, 
the  individual  contractions,  visible  at  first,  may  become  fused, 
together  and  loet  to  view  as  the  tetanus  continues  and  the  muscle 
becomes  tire<l.  When  the  shocks  succeed  each  other  still  more 
rapidly  Tthe  second  contraction  begiuuiug  iu  the  ascending  por* 
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tioD  of  the  first),  it  becomes  difficult  or  impossible  to  trace  out 
the  single  contractions.  The  curve  then  described  by  the  lever 
is  of  the  kind  shown  in  Fig.  18,  where  the  primary  current  of  an 
induction-machine  was  rapidly  made  and  broken  by  the  magnetic 


Fi'i.  IS 


IKurttniiiig  lurfuLY  tniiflllii)!  sUiwIy.)    Tu  !>•  remil  ftvui  Irtl  to  rigbt. 
Tb«  iuterruptt^l  riiirniit  Iminn  Umiwii  \u  ui  a  tbc  IfVor  rl«M  mpiJl;,  but  «i  b  tha  uitud*' 
■'•wlirtt  rbo  iiMJtUiiuiii  tir<.->.iiitnki^|>tii,     Tbli  ia  t^^-itUunc^l  fill  r.  wbrii  tbr  i-ui'n^ut  W  diut  t>ff 
uixt  mlttXikUou  <--< iiiuiu-jH.«». 

interruptor.  Fig.  19.  The  lever,  it  will  be  observed,  rises  at  a 
after  the  latent  jwriod  (which  is  not  marked),  first  rapidly,  and 
then  uiopG  slowly,  in  an  apparently  unbroken  line  lo  a  maximtim 
at  about  6,  maintAins  the  maximum  so  long  as  the  shocks  oon- 
linim  to  be  giveu,  and  when  these  cease  to  be  given,  as  at  e, 
gradually  descends  to  the  base-line.  This  condition  of  muscle^ 
brought  about  by  rapidly  re[>ealed  shocks,  this  fusiou  of  a 
number  of  nimple  apasms  into  an  apparently  smooth,  continuous 
effitrt,  is  known  as  tdujituf,  or  teUinic  contraction.  The  above 
facts  arc  most  clearly  Bhown  when  induction-shocks,  or  at  least 
galvanic  currents  in  some  form  or  other  are  employed.  They 
are  seeu,  however,  whatever  be  the  form  of  stimulus  cnipluyeJ. 
Thus  in  the  case  of  mechanical  stimuli,  while  a  single  blow  may 
cause  a  single  spasm,  a  pronounced  tetanus  may  be  oblaiued  bv 
rapidly  striking  successively  fresh  portions  of  a  nerve.  With 
chemical  stimulation,  as  when  a  nerve  is  dipped  in  acid,  it  is 
impossible  to  secure  a  momentary  application;  hence  tPtanus, 
generally  irregular  in  character,  is  the  normal  result  of  this 
mode  of  stimulation.  lu  the  living  body,  the  contractions  of 
the  striated  muscles,  brought  about  either  by  the  will  or  by 
rcHex  action,  are  generally  tetanic  in  character.  Even  very 
short,  sharp  movements,  such  as  a  sudden  jerk  of  the  limbs,  ore 
ID  reality  examples  of  tetanus  of  short  duration. 

When  it  has  once  been  realized  that  an  ordinary  tetanic  niaa- 
cular  movement  is  es^ientially  a  vibratory  movement,  that  the 
apparently  rigid  and  firm  muscular  mass  is  really  the  subject  of 
a  whole  series  of  vibrations — a  series,  namely,  of  simple  spasma — 
it  will  be  readily  understood  why  a  tetauized  muscle,  like  all  other 
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YlIC    MaoKETK'    IxrEtLKIITOII. 

Tim  flpirc  U  IntrDflut^ni  im  UlvMmic  ihr  iwtl-di  -if  ilih  liHmiiiii'Ui  w  riiiiiimml)'  iw"!  Uy 

Th»  hro  wfrm  r  und  y  f^>ln  the  tntt'^r;  mv  < X'tntwriiJ  wiiti  Tin*  twu  lnnw  iillUrn  w  itii<1  H  l>y 
mniiM  >rf  Kfi-wm.  MrwJly  coiiIhtI  to  iJitw  nuxlf,  Ihw  furn'nt,  lii«Ilfiilo«l  lit  III*-  IlKun^  Ity  lh<> 
M^i  iitU<rnt]rfml  tlitn,  \rmmi^  In  lti«i  illrucUtm  <ir  ttm  nrrim*-,  ii|>  tlir*  iillUr  n,  ntmiK  tlir  alc^'l 
«|trintf  K  M  fur  m  tho  M-njw  c,  ilic  i-iiiit  uf  wbl«'h,  tirtii«-'l  witli  itbtlliiiiiu.  U  tn  ■.onliM't  witli  u 
cumII  (ilallnimi  \>l»U-  un  b.  Ttin  mrmit  \nm»'*  fmiu  b  lt(niii|;h  <!  nti<l  m  <^1nll•)''tlllp  wlrn  Into 
(hr  [iHuucrv  <'<rfl  fi.  I'piiii  llx  MiiU<riiii(  tiid*  tli»  )'rfiiuu';r  nill,  iiti  tiiilui'Ml  (itMikliiK)  cumtDl  U 
Mr  Uw  lDf«t<  t  111  llir  <•■•  oddnry  i-oll  iimt  kLowm  [ii  ttir>  tlxuif).     Fnnu  tli*'  |irlnmi7 

ooQf  ttv  •  '  ^if  H  niiiniv'titiuvtirf,  lliniiiKb  iIm<  'Idiililn  iiitlnil,  m.  iukI,  iII'I  tiitlhtli 

lM|i|«m.  «>•; -  Utiaim  fbtiii  in  Ij;  it  i-uiiim-dtijt  win>  (i>  Uh*  pilliir  i(,  himI  auliy  tht*  «ln» 

y  tu  tb«  ljlilTvl7.     Tt»:  wIm'Ii;  vf  ltil»  euMTto  U  Uitli'-ulnl  li.v  lliu  tlilik  Iul«mi|i(tn1  lliiv  wUh  lU 

A»  ttin  mrnMil^  liitwi*vf>r,  |MuaM>H  llinMij^ti  tlK>  oplnil'  *w,  Ui»  Intii  ryinw  ttf  tliiw  ai'i*  Miii)lf< 
liittffiiHtf.  Tliry.  lu  coii«M(iJuif«'i',  ilmw  il<i\«-u  Ihi'  irun  bar  «,  flxM  iil  lln'  UU'I  **riti<<  ((]trtiix  b, 
Uav  f1i*)cliifllty  ttT  tb«  in>ntiif  iUl"Wfn)r  tiit<>.  lint,  wlioii  «  In  dr&wn  <lown,  thi>  I'ljiilrtniu  iiliii«  mi 
Ikr  M|rpxr  •urfiitv  itf  H  I*  mIvi  ilrMWli  nwny  Tntti  tli*<  n'riK*  r,  atnl  n  •iiiillMi-  iilNliimiii  l»liili'  'Mi 
tbp  iMKto'  tftirticf  of  b  Iti  liii^iijt; li I  Into  cirtiUcf  wltb  thn  |4iilitiiini-<irin<il  |ai)iit  nr  ttir  «i-n>w  /,  tli* 
«»4'wir»  (t^lnj;  mi  utmui^'I  llmt  ttiU  lukr-s  [tlurM       lu  <*>iim-<|u<*Ii<'|'  of  UiIa  rKntiei',  tliv  ctltl'-flU 

<»»»  ••■■  ' •"  iVitu  !•  to  r.     On  \\n:  oiiiilmry.  (t  |«usi^  fpjhi  fi  tv /,  iiti<l  «  Jown  ibo  l>Iltlt/| 

•JL  II.  I  ititlKitlwl  t)j  Uio  ihtn  Inli'rrupttHl  ll»t>,  Mnil  muI  lo  Ut«  linttxry  hy  11k>  nilx?  y,1 

Til"'  '  '^  **»li<irt-cttT-oHt;«I"  (Turn  tlie  itrlm»r>'  r*iil  ;  «nJ  t)i<' OuHlniH  Unit  tli«Fttirrellt 

U  I1mi«i-iii  tittfnnii  llii.*  |>rtiiMn'fi>tl,  «ti  Imlui^vl  <lirratiliijr)rurmat  U  furUin  rainarTiltlKVflKpMl 
io  IIh<  «n:<>niWrY  r<t||.  Bnl  Ui»  triirtvut  U  rut  (iff  not  only  friim  ttit-  {irlnmry  'olI,  Uut  i(1m>  rmm 
tlt<«ffi»lniUm  ;  lu  foriMxiuonrv,  tlKtirciTfo*  f««M<  toU*  tDAjin'^tlxtHl,  tbf>tHirf>>v«MM  !«■  ItumtractM 
itf  dmiL  ftiiil  lltH  *|>finK  li.  I<;  rirtuc  uf  tt*  I'liuitji'lty,  rr.<Minii'*  il9  fnniu>r  (MMfllion  fn  rnntm-t 
with  ■.'■  TtitBiTturii  of  tliv  uprinir,  liwwmT.  f»n>*iJil)ll*lH»  thmtrrml  tuiliniirtiiuiry 

(•ir|i  nii«^  nritl  Oio  >r]trlnK  It  ilrawh  ttnwii,  tu  )■■  n-ti.>iiiii<<l  <i|i>'t<  uiorv  In  lti«>  wilui* 

tiBi - ■>-      Tliii».  i*A  \*.<nv  twtliuriirrviil  i^  |i«u*>Iiik  nl<n):  r,  Dir  c^uilin't  'jf  fi  t6(.'(m«tiintty 

•ItfrvaUnj*  lii<tw«Mii  iium«1/,  uikI  tin.-  nirrvnt  ib  tritntluully  |iHM>uit:  hit)  hdiI  tii'Ini!  •Iiilt  oirfhitu 
p,  llir  |>i'Ht-l<*  >•(  Nli«ni<*)(«n  U'in^  ilr-|iTniiiM'<1  )>v  tlii>  iM-dtaU  ur  vIImiiIImii  itf  tlio  •(•riiiK  A. 
W(tli  wub  lavMi^u  of  llio  c-iirn>nt  intu,  ur  wiili<lmM<«l  Tioiii  IIk-  in-iucu^  <<,ll,  un  liulnrmt 
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vibrating  bfxliea,  gives  out  a  sound.  That  a  contraciiDg  (tetan- 
izeil )  ruuBcle  docs  f^ive  out  a  sound,  the  ao-culled  muficular  sound. 
IB  eiiaily  proved  by  Ii:jti'uing  with  a  gti;lhotft:ope  to  a  contrant«^d 
bie«p8,  or  by  stopping  the  ears  and  listening  tu  the  contractions 
of  one's  own  masseter  and  teti)|>ora]  nuiscles. 

Wl»en  a  rauscle  is  tlirown  into  tetanus  by  interrupted  shocks 
applied  directly  to  the  nerve  or  to  the  muscle,  the  note  is  the  same 
as  that  of  the  intcrruptor  determining  the  number  of  the  shocks. 
This  is  naturally  the  ca^e,  since  the  note  of  the  rauscle-souDd  is 
determined  by  the  rapidity  of  the  spasms  or  vibrations  which  go 
to  make  up  the  tetanus,  antl  these  are  determined  by  the  rapidity 
with  which  the  stimulus  is  ref)eated. 

When  a  muscle  is  thrown  into  tetanus  by  the  will  or  by  reflex 
action,  or  by  direct  stimulation  of  the  spinal  cord — in  fact,  in 
any  way  tlirough  the  action  of  the  central  nervous  system,  the 
game  note  is  always  heard,  viz.,  one  of  36  to  40  vibrations  per 
second,  which,  however,  is  probably  a  harmonic  of  a  lower  note, 
indicating  that  the  muscle  is  really  vibrating  19  ht  '2*)  times  a 
second. 

It  need  hardly  be  said  that  a  sint;le  muscular  coDtractioDf  a 
single  vibration,  cannot  cause  a  muscular  sound. 

The  general  observations  which  have  been  described  in  ibia 

tion  may,  when  pruper  precautions  are  taken,  be  carried  out 
D  a  muscle-nerve  preparation  from  a  frog  for  a  very  consider- 
able time  after  its  removal  from  the  body.  After  some  hours, 
however,  or  it  may  be  days,  the  length  of  time  varying  according 
to  circumstances,  it  will  be  found  that  no  stimulus,  however 
powerful,  will  cause  any  contraction  when  applied  either  to  the 
nerve  or  to  the  muscle.  Both  mu:<clc  and  nerve  are  then  said  tn 
have  lost  their  irritability;  and  a  short  time  afterwards  the 
muscle  may  be  observed  to  i>a8»  into  a  peculiar  condition  known 
as  rlf/or  mortU,  in  which  it  loses  all  the  suppleness  and  extensi- 
bility characteristic  of  the  living  irritable  muscle.  The  causes 
of  this  loss  of  irritability,  as  well  as  the  features  and  nature  of 
this  rigor  mortis,  we  shall  study  in  detail  presently. 

The  muscles  and  nerves  of  a  mammal,  or,  indeeJ,  of  any  warm- 
blooded animal,  lose  thetr  irritability,  and  the  muscles  become 
rigid  in  a  very  short  time  (it  may  be  a  few  minutes)  after  re- 
nioval  fntm  the  body.  Hence  these  are  less  suitable  for  experi- 
ments than  the  muscles  and  nerves  of  a  frog,  though  their 
general  phenomena  arc  exactly  the  aame. 

We  must  now  attempt  to  jitudy  in  greater  detail  the  changes 
which  take  place  in  a  muscle  and  nerve  during  the  c^intraction 
of  the  former  and  the  passage  of  an  imjmlse  along  the  lattur, 
with  a  view  to  the  better  understanding  of  both  events. 


1 

i 

I 


CUANOK8   IN    A    MUSCt^K  DURtNO   CONTRACTION.      88 


Sec.  2. — The  CnAmiEs   in   a    Musclk    nuRiwo    Muscclab 
CoxTRAcnox. 


The  Oiantje  in  Fortn. 

We  hsve  seen  that  at  the  close  of  the  latent  period  the  muscle 
ahortcDS — that  is,  eacli  tilire  shorleHs,  at  Hnst  alowly,  then  more 
rapitily.  and  lastly  more  slowly  again.  The  shortening  (which 
Ld  aeverc  tetanus  may  amount  to  three-fiUhs  of  the  length  ol'the 
niUBclcr  ifl  accompanied  by  an  alnivisi  exactly  correaponding 
thickening,  so  that  there  is  hardly  any  actual  change  in  bulk. 
[A  very  delicate  and  efficient  mode  of  dotermininL'  that  the 
rouBcle  doty  not  change  in  bulk  by  contracting  is  by  suspending 
a  mu9cle  and  nerve  preparation  by  electrodes  lo  a  tightly 
stoppered  bottle,  having  a  graduated  capillary  tube  pntjecting 
above  the  cork.  The  bottle  if:  filled  with  water,  and  the  tube 
but  partially  so.  Stimulus  is  then  applied  to  the  nerve,  which 
causes  the  muscle  to  contract.  If  the  water-line  in  the  tul>e  is 
obberved,  no  change  will  be  appreciable.  ^Marcy.)]  If  a 
muscle  be  placed  horizontally,  and  a  lever  laid  upon  it,  the 
thickening  of  the  muscle  will  raise  up  the  lever,  and  cause  it  to 
deecribo  on  n  recording  surface  a  curve  exactly  like  that  de- 
scribed by  a  lever  attached  to  the  end  of  the  muscle.  There  ai>- 
pcars  to  be  a  minute  diminution  of  bulk  not  anKuintiug  to  more 
than  one  thousandth. 

If  a  long  muscle  of  parallel  fibres,  poiscmed  with  urari,  so  as 
lo  eliminate  the  action  of  its  nerves,  he  stimulated  at  one  end, 
the  contraction  may  be  seen,  alini»Ht  with  the  naked  eye,  to  stJirt 
from  the  end  stimulated,  and  to  travel  along  the  muscle.  If 
two  levers  be  made  to  rest  on,  or  be  susjiended  from,  two  points 
of  Buch  a  muscle  placed  horizontally,  the  points  being  at  a 
known  distance  from  each  other  and  from  the  point  sliruulated, 
the  progress  of  the  contraction  may  be  btudied.  It  is  found  that 
the  couiraclion  etiirting  from  the  spot  stimulated,  passes  along 
the  muscle  in  the  form  of  a  wave  diminishing  iu  vigor  as  it  pro- 
ceeds. The  velocity  with  which  this  contraction  wave  travels 
in  the  muscles  of  the  frog  is  about  -i  or  4  metres  a  second  ;  and 
since  it  takes,  in  round  numbers,  from  abinit  0.5  tu  0.1  second  for 
the  contraction  to  pass  over  any  point  of  the  fibre,  the  wave- 
length of  the  contraction  wave  must  be  from  about  200  to 
400  mm. 

In  the  muscles  of  a  mammal  laid  bare  for  the  purposes  of 
experiment  the  velocity  does  not  scpra  t4>  be  very  dillercnt  from 
that  in  the  frog;  but  in  the  intact  muscles  iu  their  normal  con- 
dition in  the  living  body,  it  is  probably  somewhat  greater,  and  the 
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wave  alflo  probably  travels  with  undimiDished  velocity  and  vigor 
to  the  end  of  the  fibre.  In  general,  the  velocity  witli  which  the 
contraction  wave  travels,  like  the  duration  and  character  of  the 
contraction,  varies  under  different  circumstances,  being  much  in- 
tiueuced  by  tcmi>erature,  by  the  action  of  drugs,  and  en|)ecially 
by  those  complex  intrinsic  chanj^es  which  we  speak  of  as  fatigue 
or  exhaustiou. 

Seeing  that  the  extreme  limit  of  the  length  of  a  musular  fibre 
is  about  80  or  40  mm.,  it  is  evident  that  even  when  the  stimula- 
tion begins  at  one  end  and  the  wave  travels  at  the  more  rapid 
rate,  the  whole  fibre  is  not  only  in  a  state  of  contraction  at  the 
same  time,  but  almost  in  the  same  phase  of  the  contraction  wave. 
In  an  ordinary  contraction  occurring  in  the  living  body  the 
stimulus  is  never  applied  to  one  end  of  the  fibre;  uie  nervous 
impulse  which  in  such  cases  acts  as  the  stimulus  to  the  muscle, 
falls  into  the  fibre  at  about  its  middle,  where  the  nerve  ends  in  an 
end-plate,  and  the  contraction  wave  siartiug  from  the  end-plate 
travels  along  the  muscular  fibre  in  both  directions.  In  such  a 
case,  therefore,  still  more  even  than  in  the  urarize^l  muscle  stimu- 
lated artificially  at  one  end,  must  the  whole  fibre  he  occupied  at 
the  same  time  by  the  wave  of  contraction. 

Changes  in  Microscopic  Structure. — When  portions  of  living 
irritable  muscle  are  examined  under  the  micrijscope,  contraction 
waves  similar  to  thcjse  just  described,  but  feebler  and  of  shorter 
lenglii,  may  be  observed  passing  along  the  fibres.  By  appro- 
priate treatment  with  osuiic  acid  or  otlier  reagents,  these  short 
contraction  waves  may  be  fixed,  and  the  structure  of  the  con- 
tracted [wrtion  compared  at  leisure  with  that  of  the  portions  of 
the  fibre  at  rest.  In  Fig.  20,  representing  a  fibre  of  the  muscle 
of  an  insect  'in  which  these  changes  can  be  more  satisfactorily 
studied  than  in  vertebrate  muscle),  the  contraction  wave  begins 
near  a,  and  has  reached  about  it^^  maximum  at  6,  while  at  c  the 
fibre  is  at  rest,  the  ct^ntraotion  wave  not  having  reached  it  (or 
having  pa«8ed  over  it,  for  the  beginning  and  end  of  the  wave  are 
exactly  alike).  It  will  l»e  seen  that  at  6,  each  di^k  of  tlie  fibre 
is  shorter  and  broader  than  at  c.  Further,  while  at  c  the  dim 
band  x  is  conspicuous,  and  the  light  ban<l  y,  with  its  accessory 
markings  y\  is  together  lighter  than  the  dim  band  j-,  at  b  in  the 
fully  contracted  part  of  the  fibre  the  dim  Imad  nppcars  light  as 
compared  with  the  black  line  y  occupying  the  middle  of  the 
previously  light  hand.  In  the  contracted  muscle  thi'n  there  is  a 
reversal  of  the  state  of  things  in  the  resting  niuncle,  the  light 
band  (or  part  of  the  light  band)  (»f  the  hitler  in  contracting 
becomes  dark,  and  the  dim  band  of  the  Intt^r  bcoomof  by  cona- 
pariaon   light.     ISetween  rest  and  full  contraction  there  ia  an 
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LDtermeiliAte  8lag:e,  as  at  (/,  in  which  the  disiinction  between  dim 
and  bright  bands  seeina  to  be  largely  lust.  The  suhiect,  however, 
is  one  oflering  peculiar  difficulties  in  the  way  of  luvestigfitinu, 
and  while  moat,  tbvmgh  not  all,  observers  agree  in  the  broad 
facts  which  have  just  been  stated,  there  is  ^rcat  diversity  of 
opinion  concerning  further  details,  and  esf>ecially  as  to  the  inter- 
pretation of  the  various  appearances  observed.  The  accessory 
markings  in  the  middle  of  the  light  baud  have,  in  particulnr, 
been  the  subject  of  controversies  into  whi<-h  v\o  cannot  I'ntvr  here. 

Fio.  20. 


MriHTftAK  Ttunr.  rtiintHno^mi  ri.jmiAcnoTi. 

Thi!  maRrlo  t*  tdnf  "f  Ti^/J^""**  tnetimmm*  trr.itin|  %rlt)t  i«t(i)f  bcM  TIi"  IHifo  «l  f  )•  «*  rt**, 
Rl  u  tlin  rifiitmittloii  In-k1ii».  nl  b  ll  Ume  n-w  li"<l  lb»  iiMftittiiiat.  Tlif  Helil->lmtii|  ahlu  ot  IIh' 
n^n<  «huw«  itir  miic  ttlirrr  un«>M>ii  lu  (Milnrtiu^l  tlK'tl-     '  Afl^ir  K.ita.luiA>v| 

When  the  fibre  is  examined  in  polarized  light  it  is  seen  that 
the  dim  band  it»  auiBiitroiiic,  and  the  li^ht  bi^nd  isotropic.  This 
is  the  case  ilnnng  all  tiie  phases  of  the  contraclion.  At  no 
iKsriod  is  there  any  confusion  betweei»  the  anisotropic  nnd 
isotropic  material ;  ihcgc  maintain  thfir  relative  jHrnitionH,  both 
become  shorter  and  broader;  but  it  will  be  observed  that  the 
isotropic  Bubstauce  dimiiiiHhegin  height  to  a  much  greater  extent 
than  does  the  anisotropic  substance.  Tlie  latter,  in  fact,  appears 
"    increase  in  bulk  at  the  expense  of  the  former. 

Relaxation. — The  shortening  as  we  have  seen  is  followed  by  a 
reluxatioD,  the  muscle  returning  to  its  original  length.    When  an 
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appropriate  weight  is  attached  Lo  the  muscle  this  return  is  gener- 
ally complete,  the  curve  speedily  rejoining,  us  shown  in  Fig.  13, 
the  base-line  iVorn  which  it  started  ;  but  when  no  load  is  used 
and  the  muscle,  theret'nre,  is  acted  upon  by  its  own  weight  and 
that  of  a  very  light  lever  only,  the  return  in  incomplete;  the 
curve,  though  dewcn  liug  near  to,  fails  to  touch  the  hasc-lineand 
runs  nearly  parallt'l  to  it  fur  some  considerable  distance.  The 
relaxation  is,  therefurf,  obviously  nssiste<l  by  the  extending  force 
of  the  load ;  but,  nevertheless,  ia  in  the  main  the  result  of 
intrinsic  processes  going  on  iu  the  muscle,  the  reverse  of  those 
leading  to  the  shortening.  The  return  of  the  muscle  to  its  elon- 
gated condition,  is  not  a  mere  passive  stretching,  ailer  the  causes 
leading  to  the  shortening  have  passed  away;  it  like  the  shorten- 
ing itself  is  a  manifestation  of  activity.  And  hence  we  tind  that 
the  completeness  of  the  relaxation  is  dependent  on  the  complex 
changes  which  we  s|>ealc  of  as  the  nutrition  of  the  muscle-  Thus 
in  their  natural  position  in  the  living  body,  muscles,  owing  to 
their  vigorous  nutrition,  assisted  by  the  fact  thai  their  anatomical 
disposition  keeps  llicm  always  on  the  stretch,  return  completely 
lo  their  origimil  length,  after  even  powerful  and  prolonged  con- 
tracliiins.  In  a  muscle  out  of  the  body,  on  the  other  hand,  even 
when  loa^led,  repeated  successive  contractions  frequently  result  in 
the  failure  to  achieve  complete  relaxation  becoming  very  con- 
spicuous; and  the  tetanus  curves,  Figs.  IG  and  17,  show  very 
strikingly  this  shortcoming,  which  is  ofVen  spoken  of  as  the 
"contraction  remainder.'* 

We  may  speak  of  the  relaxation  as  the  result  of  nn  elastic 
reaction,  but  only  iu  the  sense  that  the  elastic  qualities  of  the 
muscle,  at  any  moment,  are  the  expression  of  deep-seated  and 
continually  varying  molecular  changes  going  on  in  the  muscular 
substance.  And  in  this  connection  attention  may  he  called  to  a 
peculiar  physical  character  of  contracting  muscle.  Living  mus- 
cle at  rest  is  very  extensible,  but  when  stretched  returns  after 
the  extending  cnnsc  has  been  removed,  rapidly  and  completely 
to  its  tbrmvr  length.  In  physical  language  muscle  is  spoken  of 
as  possessing  slight  hut  perfect  elasticity.  It  mieht  be  imagined 
that  during  a  contrnction  this  extensibility  would  be  diminished 
in  order  that  none  of  the  resistance  which  the  muscle  had  lo 
overconie,  no  part  of  the  weight  for  instance  which  had  lo  be 
lifletl,  should  be  employed  in  stretching  the  muscle  itself,  and 
thus  lead  to  nn  apparent  waste  of  energ}'.  On  the  contrary,  we 
tiud  that  during  a  contraction  there  is  an  increase  of  extensi- 
bility; thus  if  a  muscle  at  rest  be  loaded  \vilh  a  given  weight, 
say  •'^O  grammes,  and  its  exU^nsion  observed,  and  be  then  while 
unloaded  thrown  into  tetanus,  and  the  ioad  applied  during  the 
tetiuuta,  the  extension  in  the  second  case  will  be  ditiiiuctly  greater 
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than  in  the  first.  During  the  coatrnction  there  ia  so  to  speak  a 
^renter  mobility  of  the  imisciilar  mnleculcfl.  and  thoujjh  this 
greater  mobility  may  have  its  advantagen.  the  joadetl  muscle  haa 
in  contraoting  to  overcome  its  own  iricreaaed  tendency  to  len^^theu 
on  extensi'm  before  it  can  produce  any  effect  on  the  weight 
which  it  has  U)  lift. 

The  elaatioity  ainl  extensihility  of  the  muBrtilar  substance  are, 
however,  ct.nuplicated  and  difficult  ftubject*.  and  it  will  be  suf- 
ficient to  reassLTt  that  they  are  essentially  vital  pro(»erties,  being 
de|)endent,  like  the  irritability  of  tlie  muscular  substance,  on  cer- 
tain nutritive  faeturiB.  Ab  the  muscular  substance  becomes  weary 
with  Uxi  much  work  or  impoverished  by  scanty  nutrition,  its 
elBBticity  suffers  ;>an  ptuufn  with  its  irritability.  The  exhausted 
muscle  when  extended  does  not  return  so  readily  to  its  proi>er 
length  as  the  fresh  active  muscle^  and,  as  we  shali  se«,  the  dead, 
muscle  does  not  retui-n  at  all. 

Electrical  Changes. 

Hoscle-ourrents. — If  a  muscle  be  removed  in  an  ordinary 
manner  from  the  brxly,  and  two  non-polarizable  electrodes,'  con- 
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"    '  '■    *'  "  i-niuittnt  ji{h<'»Ul'«  i'>>iiri«*-l<ol  Mllli  Ihfir  ii-f<|>i'<-tifi'  wim-^,  t.  t , 

"'  ,  t]H>  \t\x\^  lit  I  liliiB-rUty  ,  </,  tlif  |»inl>'li  iif  tltci  rlillia-clik,Y 

'' ''  .     :    tite  lillw;  tliitcitii  tw  uiuuMnl  IliluMli^   miuljf'l  Cunii, 

nect«<l  with  a  delicate  galvanometer  of  many  convolutions,  be 
placed  on  two  points  of  the  surface  of  the  muscle,  a  deflection  of 

•liWiinJ'"  ^    ^^'  ^^^  «>n»i«l  ouvutiAllj  of  »  t\ip  of  ltiurouKlil>  nuiiklgniiiateij  aiiic 
tP    «  "*to  ft  aatttrMvd  •olulion  of  lino  sulphate,  wbiob  in  turn  \«  bruni^lit  into 
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the  galvanometer  will  take  place,  indicatiug  the  existence  of  a 
current  pafislng  through  the  pilvaiiumeter  from  the  one  point  of 
the  muscle  to  the  other,  the  direction  and  amount  of  the  deflec- 
tion varying  according  to  the  position  of  the  points.  The 
"muscle-enrrenta"  thus  revealed  are  seen  to  the  best  advantage 
when  the  muscle  cht»eu  is  a  cylindrical  or  prismatic  one  with 
parallel  fibrea,  and  when  the  two  teudinous  ends  are  cut  off  by 
clean  incisions  at  right  angles  to  the  long  axis  of  the  muscle. 
The  muscle  theu  pre:«ents  a  (artificial )  transverse  section  at  each 
end  and  a  longitudinal  surface.  We  may  fipeak  of  the  latter  as 
being  divided  into  two  equal  part«  by  an  Imaginary  traosverse 
line  on  its  i^urface  culled  the  "equator/'  containing  all  the  points 
of  the  surface  midway  between  the  two  ends.  Fig.  21  ie  a  dia- 
grammatic representation  uf  a  muscle,  the  line  ab  being  the 
equator.  In  such  a  muscle  the  development  of  the  muscle-currents 
is  found  to  be  as  followti. 

The  greatest  deflection  is  observed  when  one  electrode  is  placed 
at  the  mid-point  or  equator  of  the  muscle,  and  the  other  at  either 
cut  end  ;  and  the  deticotion  is  nf  such  a  kind  as  to  show  that  posi- 
tive currents  are  continually  passing  from  the  equator  through 
the  galvanometer  to  the  cut  end — that  is  to  say,  the  cut  end  is 
negative  relatively  to  the  equator.  The  currents  outside  the 
muscle  may  be  considered  as  completed  by  currents  in  the  mwcle 
from  the  cut  end  to  the  equat<>r.  In  the  diagram  Fig.  22,  the 
arrows  indicate  the  direction  of  the  currents.  If  one  electro<le 
be  placed  at  the  equator,  a6,  the  effect  is  the  same  at  which- 
ever of  the  two  rut  ends,  j;  or  y,  the  other  is  placed.  If  one 
electn)de  remaining  at  the  equator,  the  other  be  shitled  from 
the  cut  end  to  a  spot,  r,  nearer  to  the  ecjuator,  the  current  con- 
tinues to  have  the  same  direction,  but  is  of  lees  intensity  in  pro- 
portion to  the  noarnof«  of  the  electrodes  to  each  other.  If  the 
two  electrodes  be  placed  at  unequal  distances,  c  and/,  one  on 
either  side  of  the  equator,  there  will  be  a  feeble  current  from 
the  one  nearer  the  e<iuator  to  the  one  further  off,  and  the  current 
will  be  the  feebler  the  more  nearly  they  are  equidistant  from 
the  equator.  If  they  are  quite  equidistant,  as,  for  instance,  when 
one  is  placed  on  the  cut  end  x,  and  the  other  on  the  cut  end  y, 
there  will  be  no  current  at  all. 

If  one  electrode  be  placed  at  the  circumference  of  the  trans- 
verse section   and   the   other  at  the   centre  of  the  transverse 


cunneotion  with  the  nerve  or  muiele  b,r  tnenn*  of  »  plag  or  bridf;*  oT  ohinK-olay 
moUtcnetl  wUli  norniiil  sodium  ohlorido  foluti'iD ;  It  is  importADt  that  the  eino 
ihuuM  be  thoroughly  amalgainiiled.  Thii  rdrin  of  eloctrodea  girti*  ri#«  to  I014 
poUrlintion  Ihaa  do  iiinplc  plntinuia  or  copper  etectroiloi.  The  0U7  mfTordf  a 
oonneotlou  between  the  xinu  mwl  the  lls^ite  which  neither  ActB  on  the  tisxue  nor 
ti  Actetl  on  faj  the  tiitne.  Cubliiut  uf  any  tiasae  with  copper  ur  pljblinum  le  in 
iteeir  Ruflloieut  to  develop  a  current. 
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toni  there  will  be  a  current  through  ihe  galvauorueter  from 
le  former  to  the  latter  ;  there  will  he  t\  current  of  siniiltir  direo-. 
tion  but  of  less  intensity  when  one  electrode  ig  at  the  circumfei 
ence,  g,  of  the  transvcrsn  Bcctinn,  and  the  other  at  some  [Kiinr,  A, 
nearer  the  centre  of  the  transverse  section.  lu  fact,  the  points 
which  are  relatively  mnat  positive  and  most  negative  ti)  eurh 
other  are  points  on  the  equator  and  the  two  centres  of  the  trans- 
verse sectiona ;  and  the  iutensity  of  the  current  between  any  two 

Fio.  22. 


!♦■-  :-■•■   I •■■'  ■'^^  KUUTIUCOt'N»r.^T*)Or  TTKRVI  AMI)  MtX-Lft. 

Itvlnp  [■'  *«rvri  for  a  [tu»d  tfitltfimf  iimvv  umr  uiiwlo,   "^xippt 

lint  Uie<  11'  '••'li  I'm t  )■•  slifHii  tn  ii  iii<rvi<      Tll'f  <irruw"  (iii»w  rlii> 

•Mrvdlun  ot  Uk  t-iirrriii  ilip'u^h  tiif  jc^lvMii'^iK'tvr. 

■b  lb«  ojiiJUor  Tht>  •tniiiifc^  i-um*nU  an  thonvhumn  Us  rlio  <turk  lltm^  u  trum  a.  At 
nqi|«U>f,  bicof  l<i  if*i  tli«<  nit  rtwU.  TIim  riirrviit  trrun  u  %•<  r  1^  HiNilirr  (liHii  frxiii  o  (>•  t, 
IfauUgb  liuUt,  mm  abMWU  t'^  ibr  arr-fw*.  UiiVc  lliu  •miiiv  tlltwUoii  \  t-iim>iit  U  -li>mii  frt'iii  t, 
wblrb  In  it'wr  the  tf>|tiitt<>i,  to/,  wlikti  U  furtlmr  tnna  IJu*  '••imttur  The  rum>iit  (iii  niimh^) 
from  ii|Mliit  in  llin  '  irmiiif- r.ifii'c  U>  H  iM'lul  n<'i«r«T  tiir"  KMtn^of  th«>  lmH*%ur*n  m.<«-i1iiu  \» 
ahowa  U  jk.     Ficui  <i  h>  b  ur  rrvOt  /  tu  gr  lUvoi  U  tiM  <raiTt'iil,  h.^  liidiiuU'il  hy  tiK<  iltttbHl  UtH<*. 

pointa  will  depend  on  the  respective  distance  of  those  points 
from  the  equator  and  frura  the  centre  of  the  transverse  section. 

Similar  currents  may  be  observe*!  when  the  longitudinal  sur- 
face is  not  the  natural,  but  an  artificial  one ;  indeed,  they  may  be 
witnessed  in  even  a  piece  of  muscle,  provitled  it  be  of  cylindri- 
cal Bhn]>e  and  composed  of  parallel  fibna. 

These  "muscle-currents"  are  not  mere  transitory  currents. 
disuppearing  as  Koon  as  the  circuit  is  closed ;  on  the  contrary, 
they  last  a  very  cousi'lcrable  time.  They  must  therefore  l>e 
maintained  by  some  changes  goiu^  ou  in  the  muscle — by  con- 
tinued chemical  action,  in  fact.  They  disappear  aa  the  irrita- 
bility of  the  muscle  vanishes,  apd  are  couaected  with  those 

•       8* 
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nutritive  so-called  vital  chaugea  which  umintaiD  the  irritability 
of  the  muscle. 

Musclecurrentfi,  such  as  have  juBt  been  described,  may,  we 
repeat,  be  observed  in  any  cylindrical  muscle  suitably  prepared, 
and  similar  currenU,  with  variations  which  need  not  be  didcussed 
here,  luny  be  seen  in  muscles  of  irrogiiiflr  8h»j>c  with  obliquely 
or  otlicrwise  arranged  fibres.  And  Du  Bois-Reymoud,  to  whom 
chiefly  we  are  indebted  for  our  knowledge  of  these  currents,  has 
beeu  led  to  regard  them  as  essential  and  important  properties  of 
liviug  muscle.  He  has,  moreover,  advanced  the  tlieory  that 
muscle  may  be  considered  as  composed  of  electro-motive  parti- 
cles or  molecules,  each  of  which,  like  the  muscle  at  large,  has  a 
positive  equator  and  negative  ends,  the  whole  muscle  being 
made  up  of  these  molecules  in  somewhat  the  same  way  (to  use 
an  illustration  which  must  not,  however,  be  strained  or  con- 
sidered as  an  exact  one),  as  a  magnet  may  be  supposed  to  be 
made  up  of  magnetic  particles  each  with  its  north  and  south 
pole. 

There  are  reasons,  however,  for  thiukiug  that  these  muscle- 
currenta  have  no  sucli  fundnmental  origin,  that  they  are,  in  fact, 
of  surface,  and  indeed  of  artiticial  origin.  Without  entering 
largely  into  the  controversy  on  this  question,  the  following 
important  facts  may  be  mentioned : 

1.  When  a  muscle  is  examined  while  it  still  retains  untouched 
its  natural  tendinous  terminations,  the  currents  are  much  lesB 
than  wlieu  artificial  trausverse  sections  have  been  made ;  the 
natural  tendinous  end  is  leas  negative  than  the  cut  surface.  But 
the  teudiuous  eud  becomes  at  once  negative  when  it  is  dipped  in 
water  or  acid — indeed,  when  it  is  in  any  way  iujured.  The  less 
roughly,  in  fact,  a  muscle  is  treated  the  less  evident  are  the 
niusde-currentd,  and  it  has  been  maintained  that  if  adequate 
care  l>e  taken  to  maintain  a  muscle  in  an  absolutely  natural 
condition,  no  such  currents  as  those  we  have  beeu  describing 
exist  at  ail. 

2.  Euglemann  has  shown  that  the  surface  of  the  uninjured 
inactive'  ventricle  of  the  frog's  heart  is  isoelectric — i.  c,  that  no 
current  is  obtained  when  the  electrodes  are  placed  on  any  two 
p)ints  of  the  surface.  If,  however,  any  part  of  the  surface  be 
injure<l,  or  if  the  ventricle  be  cut  across  so  ae  to  expose  a  cut 
surface,  the  injured  sfiot  or  the  cut  surface  becomes  at  once  most 
powerfully  negative  towards  the  uninjured  surface,  a  strong  cur- 
rent being  developed  which  passes  through  the  galvanometer 
from  the  uninjured  surface  to  the  cut  surface  or  to  the  injure<l 
gpoL     The  negativity  ihus  developed  in  ft  cut  surface  passes  off 
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in  the  oouree  of  some  hours,  but  may  be  rcstormi  by  making  a 
fresh  cut  and  exposing  a  fresh  surface. 

Nnw.  wheu  a  inu^clu  is  cut  or  injured  the  subataDce  of  the 
Hhrea  dies  at  the  cut  or  injured  surface.  Aud  many  phyHiologiala, 
among  whom  the  must  proruiuenl  is  Hernmnu,  have  been  led  by 
the  above  and  other  facta  to  the  corielu^ioD  that  niudcle-currentH 
do  not  exist  naturally  in  untouched  muscles,  that  the  muscular 
aubfltauce  is  naturally,  when  living,  isoelectric,  but  that  when* 
ever  a  portion  of  the  muscular  substance  die«,  it  becomes  while 
dying  negative  to  the  living  subHtance,  and  thus  gives  rise  to 
currents.  They  explain  the  typical  currents  (as  they  might  be 
called)  manifested  by  a  muscle  with  a  natural  longitudinal  sur- 
£ace  and  artificial  transverne  sections,  by  the  fact  that  the  dying 
cut  ends  are  negative  relatively  to  the  reet  of  the  muscle. 

Du  Boia-Kcyiuond  and  thutje  with  him  t)ffer  aijecial  explaua- 
tioua  of  the  above  facts  and  of  other  objections  which  have  been 
urged  against  the  tiieory  of  naturally  existing  electro-motive 
molecules.  Into  these  we  cannot  enter  here.  We  must  rest 
content  with  the  statement  that  in  an  r»rdiuary  niuHole>  currents 
such  as  have  been  described  may  be  wilnes&cd,  but  that  strong 
arguments  may  be  ailduced  in  favor  of  the  view  that  these  cur- 
rents are  not  ** natural*'  phenomena  but  essentially  of  arti6cial 
origin.  It  will,  therefore,  be  best  to  speak  of  them  as  **currenls 
of  reat." 

Negative  Variations  of  the  Muscle-current. — The  controversy 
whether  the  "curreuu  of  rest"  observable  in  a  muscle  be  of 
natural  origin  or  not,  dv>e3  not  affect  the  truth  or  the  importance 
of  the  fact  that  an  electrical  change  takes  place  in  a  muscle 
whenever  it  enters  into  a  contraction.  Wheu  currents  <d'  rest 
are  observable  io  a  muscle  these  are  found  to  uudergn  a  diminu- 
tion at  the  onset  of  a  contraction,  and  this  diminutiitn  is  spoken 
of  ns  *'the  negative  variation"  of  the  currents  of  rest.  The 
negative  variation  may  be  seen  when  a  muscle  is  thrown  into  a 
single  contraction,  but  is  most  readily  shown  when  the  muscle  is 
tetanized.  Thus,  if  a  pair  of  electrodes  be  placed  on  n  muscle, 
one  at  the  equator,  and  the  other  at  or  near  the  transverse  sec- 
tion, HO  that  a  considerable  deflection  of  the  galvanometer  needle, 
indicating  a  considerable  current  of  rest,  be  gained,  the  needle 
of  the  galvanometer  will,  when  the  muscle  is  tetanized  by  an  in- 
terrupted current  sent  through  its  nerve  (ut  u  point  loo  far  from 
the  muscle  to  alKtw  any  escape  of  the  current  into  the  electrodes 
c-onnected  with  the  galvanometer),  tiwin^  buck  t^iwards  zero;  it 
returns  to  its  original  deflection  when  tne  tetanizing  current  is 
shut  r)fi*. 

Not  only  may  this  negative  variation  be  shown  by  the  galvano- 


92 


THE    CONTRACTILE    TISSUES 


meter,  but  it,  as  well  as  the  current  of  rest,  may  be  used  as  a 
gtilvanic  shock  and  so  employed  to  stimiilute  a  muiscle,  as  in  the 
experimeut  kiiowu  as  "the  rheoac^jpic  frog."  Fur  this  purj>oae 
tJie  muscles  uinl  nerved  need  to  be  very  irritable  and  in  thor- 
oughly good  condition.  Two  inuscle-nerve  preparatioos  {A  and  B) 
having  been  mudo  and  each  placed  ou  a  glass  plate  tor  the  sake 
of  insulation,  the  nerve  of  one  (iJ)  is  allowed  to  fall  on  the 
muscle  of  the  other  I  A)^  in  such  a  way  that  one  point  of  the  nerve 
comes  in  contact  with  the  equator  of  the  muscle,  and  another 
point  with  one  end  of  the  muscle  or  with  a  point  at  some  distance 
from  the  equator.  At  the  moment  tbe  nerve  is  let  fall  and  con- 
tact made,  a  current,  viz.,  the  '*  current  of  rest"  of  the  muscle  A, 
passes  through  the  nerve;  this  acts  as  a  stimulus  to  the  nerve, 
and  so  causes  a  contraction  in  the  muscle  connected  with  the 
nerve.  Thus  the  muscle  A  acts  as  a  buttery,  the  completion  of 
the  circuit  M'  which  by  means  of  the  nerve  of  B  serves  as  a 
stimulus,  cauijiug  the  muscle  B  to  contract. 

If  while  the  nerve  of  B  is  still  in  contact  with  the  muscle  of 
J,  the  nerve  of  the  latter  is  tetanized  with  an  interrupted  cur* 
runt,  not  only  i:*  the  muscle  of  A  thrown  inU)  tetanus,  but  also 
that  of  £;  the  reason  being  as  follows:  At  each  spasm  of  which 
the  tetanus  of  A  is  made  up,  there  is  a  negative  variation  of  the 
muscle-current  of  A.  Each  negative  variation  in  the  muscle- 
current  of  A  serves  as  a  stimulus  to  the  nerve  of  B,  and  is  hence 
the  cause  of  a  spasm  iu  the  muRcle  of  B ;  and  the  stimuli  follow- 
ing each  other  rapidly,  as  beiug  produced  by  the  tetanus  of  A 
they  must  do,  the  spasms  iu  B  to  which  they  give  rise  are  also 
fuse<i  into  a  tetanus  in  B.  B,  in  fact,  contracts  iu  harmony  with 
A.  This  experiment  shows  that  the  negative  variation  accom- 
panying the  tetanus  of  u  muscle,  though  it  causes  only  a  single 
swing  of  the  galvanometer,  is  renlly  made  up  of  a  series  of  uega* 
tivc  variations,  each  single  negative  variation  corresponding  to 
the  single  spasms  of  which  the  tetanus  is  made  up. 

But  an  electrical  chauge  may  be  manifested  even  in  cases  when 
no  currents  of  rest  exist.  We  have  stated  (p.  90)  that  the  sur- 
face of  the  uninjured  inactive  ventricle  of  the  frog's  heart  is 
iflolectric,  no  currenla  being  ol>«erveii  when  the  electrodes  of  a 
galvanometer  are  placed  on  two  points  of  the  surtace.  Never- 
theless a  most  distinct  current  'ma  developeii  whenever  the  ventri- 
cle contracts.  This  may  be  shown  either  by  the  galvanometer 
or  by  the  rheuscopic  frog.  If  the  nerve  of  au  irritable  muscle- 
nerve  preparation  be  laid  over  a  pulsatii»g  ventricle,  each  i>eat 
b  responded  to  by  a  spasm  of  the  mu:$c]u  of  the  pn^pnration. 
In  the  case  uf  ordinary  muscles,  too,  instances  ttccur  in  which  it 
seems  impossible  to  regard   the  electrical   chaogo  manifested 
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daring  tho  contraction  as  ibe  mere  fllminution  of  a  preexisting 
current. 

Acoordiiigly  Hermann,  and  those  who  with  liitn  deny  the 
existence  of  "  natural  "  mu:}e1e-currents,  apeak  of  a  muscle  as 
developing  during  a  contraction  a  "current  of  action,"  occa- 
friooed,  as  they  believe,  by  the  mugcular  substance  as  it  is  enter- 
ing into  the  state  of  contraction  becoming  negative  towards  the 
nuiBcular  stihstancc,  which  is  still  at  rest,  or  hus  returnt-d  to  a 
state  of  rest.  In  fact,  they  rej^ard  the  negativity  of  inuHcular 
substance  as  characteristic  alike  of  beginning  death  and  of  a 
beginning  contraction.  So  that  in  a  musculur  contraction  a 
wave  of  a  negativity,  starting  from  the  end-pUUe  whtn  indirect, 
or  from  the  point  stimulated  when  direct  stimulation  is  used, 
pas&es  along  the  muscular  substance  to  the  ends  or  end  of  the 
fibre.  We  caniu^t,  however,  enter  more  fully  here  into  a  dis- 
cussion of  this  difficult  subject. 

Whichever  view  be  taken  of  the  nature  of  these  mtiaclc-cur- 
renls,  and  of  the  electric  change  during  coutraction,  whether  we 
regard  that  change  as  a  *'  negative  variation  "  or  as  a  "  current 
of  action,'*  it  is  important  to  remember  that  it  takes  place  en- 
tirely during  the  latent  period.  It  is  not  in  any  way  the  result 
of  the  change  of  form,  it  is  the  forerunner  of  that  change  of 
form.  Just  as  a  nervous  impulse  passes  down  the  nerve  to  the 
muscle  without  any  visible  changes,  so  a  molecular  change  of 
some  kind,  unattended  by  any  visible  events,  known  to  us  at 
present  only  by  an  electrical  change,  runs  along  the  muscuhir 
fibre  from  the  end-plate»  to  the  terminations  of  the  fibre,  pre- 
paring the  way  for  the  visible  change  of  form  which  is  to  follow. 
This  molecular  invisible  change  is  the  work  of  the  latent  period,.] 
and  careful  oWrvations  have  shown  that  it,  like  the  visible 
contraction  which  ftdlows  at  il^  heels,  travels  along  the  fibre 
from  a  spot  stimulate*]  towards  the  ends  of  the  fibres,  in  the 
form  of  a  wave  having  about  the  same  velocity  as  the  contntc- 
tioD,  viz.,  about  3  metres  a  second.' 


Chetnioal  Changea, 

Before  we  attack  the  important  problem,  What  are  the  chend 
cal  changes  concerned  in  a  musenlnr  coutrnclion  ?  we  must  study 
in  a*)me  detail  the  chemical  features  of  muscles  at  rest.  And 
here  we  are  brought  face  to  face  with  the  chemical  differences 
between  living  and  dead  muacles.  All  muscle*  within  a  certain 
time  aJler  removal  from  the  body,  or  while  still  within  the  body, 

*  In  the  oiuiclei  uf  the  Trdg :  bat,  at  «r«  bftve  coen,  hsving  probublj  «  higher 
Tvlooitj  in  Ibo  intact  niammaliAD  muiclos,  witbtn  tbe  liviDg  body,  and  varying 
•oeonUng  to  circumetAuoei?. 
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after  "general  "  death  of  tlie  body,  loee  their  irritability.  The 
loM  of  irritability,  even  when  rapid,  is  gradual,  but  is  succeeded 
by  an  event  which  is  Bomcwhnt  inure  sudden,  viz.,  the  entrance 
into  the  condition  kuown  as  rir^or  mortu,  the  occurrence  of  which 
is  iiuirked  by  iho  following  features.  The  muscle,  prcviouBly 
possessing  a  certain  translucency,  becomes  much  more  onanue. 
Previously  very  extensible  and  elastic,  it  becomes  mucn  lees 
extensible,  and  at  the  tiamc  time  loses  its  elasticity;  the  muscle 
now  requires  considerable  force  to  stretch  it,  and  when  the  force 
is  removed,  does  not,  tis  before,  return  to  its  natural  length.  To 
the  touch  it  has  lost  nuicb  of  its  former  s^^ftness,  becomes  firmer 
and  more  resistant.  The  entrance  into  rigor  mortis  is  charac- 
terized by  a  shortening  or  contraction,  which  may,  under  certain 
eircumi^lances,  be  considerable.  The  energy  of  this  contraction 
is  not  great,  bo  that  when  opposcil,  no  actual  shortening  takes 
place.  When  rigor  mortis  baa  been  fully  developed,  no  muscle- 
currents  whatever  are  olraerved.  The  onset  of  this  riL'idity  may 
be  c<msideretl  as  the  token  of  the  death  of  the  muscle  itself. 
As  we  chilli  see,  tlie  chemical  features  of  the  dead  rigid  muscle 
arc  strikingly  different  from  tboee  of  the  living  muscle. 

If  a  dead  muscle,  from  which  all  lat,  tendon,  fascia,  and  con- 
nective tissue  have  been  as  much  as  possible  removed,  and 
which  has  been  freed  fritmblt)od  by  the  injection  of  saline  solution, 
be  miuced  and  repeatedly  waehei!  with  water,  the  washings  will 
contain  certain  forms  of  albumiu  and  certain  extractive  bodies, 
of  which  we  shall  speak  directly.  When  the  washing  has  been 
continued  until  the  wash-water  gives  no  proteid  reaction,  a  large 
portion  of  mufclc  will  still  remain  undissolved.  If  this  be 
treated  with  a  10  per  cent,  solution  of  a  neutral  salt,  ammonium 
chhtridc  being  the  best,  a  large  pi)rtion  of  it  will  become  imper- 
fectly dissolved  into  a  viscid  fluid  which  filters  with  difficulty. 
If  the  vii-cid  filtrate  be  allowed  to  fall  drop  by  drop  into  a  large 
*|uanlity  of  disiillc*!  water,  a  white  flucculcnl  matter  will  be 
precipitated.  This  flocculent  precipitate  is  myontin.  It  is  a  pro- 
teid, giving  the  ordinary  proteid  reactions,  and  having  the  same 
general  elementary  composition  as  other  proteids.  It  is  soluble 
in  dilute  saline  solutions,  especially  those  of  ammonium  chloride, 
and  may  be  classed  in  the  globulin  family,  though  it  is  not  so 
soluble  as  jmraglobulin.  Dissolved  in  saline  solutions  it  readily 
coagulates  when  heated^ i.e..  is  converted  into  coagulated  pro- 
teid,' and  it  is  worthy  of  ootico  that  it  coagalatca  at  a  lower 
lemjwraturt,  viz.,  "t.^^-^O''  C,  than  docs  senim-albuinin,  para- 
globnlin,  ami  many  other  proteids;  it  is  precipitated,  and  after 
long  action,  coagulated   by  alcohol,  and  is  precipitated  by  an 
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excees  of  sodium  chloride.  By  the  action  of  dilute  acids  it  is 
verj  readily  convertod  into  what  is  called  syutouin  or  acid 
albumin,*  by  the  action  of  dilute  ulkulies  into  alkali-iilburoin. 
Speaking  gcucrtdty.  it  njiiy  l>o  eaiil  tu  be  intcnucdiatu  in  ita 
character  between  fibrin  and  globulin.  On  keeping,  nud  e»- 
pecially  mi  drying,  iu  solubility  it*  much  diniinisheil. 

Of  the  aubsuuiceft  whicli  are  led  in  washed  muscle,  from  which 
the  myosin  has  thus  been  extracted  by  uiuuiunium  chluride  solu- 
tion, little  \A  known.  If  washed  niuscie  be  treated  directly  with 
dilute  hydrochloric  acid,  the  greater  part  of  the  material  of  the 
muscle  paeses  at  once  into  syntunin.  The  quantity  of  eyntonin 
thua  obtained  may  be  taken  aa  repre^eiuing  the<|unntity  oi  myosin 

f)reviouaIy  exiating  in  the  niUHcle.  The  portion  insoluble  iu  dilute 
lydrochloric  acid  coueists  in  part  of  the  substance  of  the  sarctt- 
lemma,  of  the  nuclei,  and  of  the  tissue  between  the  bundles,  and 
in  part,  probably,  of  certain  structural  elements  of  the  Hbrca 
themselves. 


If  living  contractile  frog's  muscle,  freed  as  much  as  possible 
from  blood,  be  fro^cu/  and,  while  fnt^eu,  minced  aud  rutd>ed  up 
iu  a  mortar  with  four  times  its  weight  of  snow  c-ontainiug  1  per 
cent,  of  sodium  chloride,  a  mixture  is  obtained  which,  ut  a  tem- 
perature just  below  0^  C,  is  sufficiently  tUiid  to  be  filtercil,  though 
with  difficulty.  The  slightly  opalescent  Hlirate,  or  muscie-ph^ma 
as  it  is  called,  ifi  ut  lirbl  c^uite  fluid,  but  will  when  exposed  Iu  the 
ordinary  temjierature  become  a  solid  jelly,  and  afterwarda  sepa- 
rate into  a  clot  aud  serum.  It  will,  in  fact,  coagulate  like  blood- 
plasma,  with  this  di^erence,  that  the  clot  is  not  firm  and  fibrillar, 
Dut  loose,  granular,  and  fliicculont.  During  the  coagulation,  the 
fiuid,  which  before  was  neutral  or  slightly  alkaline,  becomes  dis- 
tinctly acid. 

The  clot  is  myo^iu.  It  gives  all  the  reactions  of  myoein 
obtained  from  deatl  muscle. 

The  serum  contaius  ordinary  serum-albumin,  one  or  more 
peculiar  proteids*  coagulating  at  a  lower  temperature  than  does 
serum  albumin,  and  extractives.  Such  muscles  as  are  red  also 
contain  a  small  quantity  of  hu;mogIubiu.  to  which,  indeed,  their 
redness  is  due. 

Thus,  while  dead  muscle  contains  myosin,  serum-albumin, and 
other  proteids  and  extractives,  with  certain  insoluble  mutters  and 
certain  gelatinous  elements  not  referable  to  the  mujjcle-subetauoe 


'  Sm  Afipenillx. 

*  SIdcq,  af  na  tlmlt  fireicoll;  tee,  d  miiFt^lo  way  he  fruien  nnJ  lluiwcd  ngain 
wHliout  Uwtng  any  of  ttt  vitiil  powerv,  w«  are  nt-  librrlj  to  trgord  the  frunen 
tauiQlB  u  n  siill  living  uumiU. 

'  S«t  A|>pcDaix. 
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itself,  living  muscle  rimtaiiiti  nu  myosin,  but  some  substance  or 
substances  which  bear  someuhnt  the  same  relation  to  myosin  that 
the  !lbrin-factoi-H  do  to  fibrin,  uu<l  which  give  rise  to  myosin  upon 
the  death  of  the  nniacle. 

We  nmy>  in  fact,  speak  of  rigor  mortis  as  characterizeil  by  a 
coagntntion  of  the  muscle-plnsma,  coraparnble  to  the  coagulation 
uf  bliHMl-|)lasma,  but  differing  from  it  inatimucli  as  the  prmluct  is 
nut  fibrin  but  myosin.  The  rigirlity,  the  lo«i  of  supplenese,  and 
the  diniinif*hed  translucency  appear  to  be  at  all  events  largely, 
though  probably  not  wholly,  due  to  the  change  from  the  fluid 
plasma  lo  the  solid  myosin.  We  might  compare  a  living  muscle 
^)  a  number  of  fine,  transparent,  membranoue  tubes  containing 
blood-plasma.  When  this  blotxl-plasma  entered  into  the  "jelly  ' 
BtAge  of  coagulation,  the  system  of  tubes  would  present  many  of 
the  phenomena  of  rigor  mortis.  They  would  lose  much  of  their 
suppleness  and  translucency,  and  acquire  a  certain  amount  of 
riguiity. 

There  is,  however,  one  very  marked  and  important  difierence 
between  rigor  mortis  of  muscle  and  the  coagulation  of  blood; 
blood  during  its  coagulation  undergoes  only  a  slight  change  in 
its  reaction  ;  but  muscle  during  the  onset  of  rigor  mortiB  becomes 
distinctly  acid. 

A  living  nniscle  at  rept  is  in  reaction  neutral,  or,  i)oe8ibly  from 
some  remains  of  lymph  adhering  to  it,  faintly  alkaline.  If,  on 
the  other  hand,  the  reaction  of  a  thoroughly  rigid  muscle  be 
tested,  it  will  be  found  to  be  most  distinctly  acid.  This  develo{K 
ment  of  nn  acici  reucti(m  is  witnessed  not  only  in  tlie  solid  un- 
touched fibre,  but  also  in  expresseil  m uscle- plasma ;  it  seems  to 
be  associated  in  some  way  with  the  api>earance  of  the  myosin. 

The  exact  causation  of  this  acid  reaction  has  not  at  present 
been  clearly  worked  out.  Since  the  coloration  of  the  litmus  pro- 
duced is  permanent,  carbonic  acid,  which,  as  we  shall  immediately 
state,  is  set  free  at  the  same  time,  cannot  be  regarded  as  the  active 
acid,  for  the  redtioning  of  Htmua  pniduced  by  carbonic  acid 
speedily  disappears  on  exposure.  On  the  other  hand,  it  is  possible 
lo  extract  from  rigid  muscle  a  ct^rtain  quantity  of  lactic  acid,  or 
rather  of  a  variety  of  lactic  acid  known  as  sarcolactic  acid  ;*  and 
it  hai*  been  thought  that  the  appearance  of  the  acid  reaction  of 
rigid  muscle  is  due  to  a  new  formation  or  to  an  increased  forma- 
tion of  this  sarcolactic  acid.  Hut  there  is  considerable  doubt 
whether  any  such  increase  of  sarcolactic  acid  does  actually  lake 
place  in  rigor  mortis.  Hence,  though  there  can  be  no  doubt  that 
an  acid  reaction  is  established,  we  are  not  yet  in  a  position  to 
affirm  positively  the  exact  manner  in  which  that,  reaction  is  pro- 
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duc>«d,  the  cfim|i[cx  iiiiture  of  the  miiaculBr  BiihBlauce  suggesting 
to  the  chemist  s«v«*nil  wnys  in  ^vhich  it  might  conic  uhout. 

Coiucident  with  the  apju^ruiice  tif  this  acid  reaL'tinn,  though, 
as  we  have  aaiii,  not  the  direct  cnnse  of  it.  a  large  deveh>nnient  of 
cftrhouic  acid  tukcs  place  when  rnuedc  bccomej?  rigid.  Irritnlde 
living  niUBciilar  siihMtancc  like  nil  living  protopIiiBm  is  continu- 
ally respiring,  cuntiiiuully  consuming  oxygen  and  giving  out 
carbonic  acid.  In  the  body,  the  arterial  blood  going  to  the 
muscle  gives  up  some  of  \\s  oxygen,  and  gains  a  quantity  of 
carbonic  acid,  thus  becoming  venous  na  it  paiftitv:^  through  the 
muscular  capillaries.  Even  after  removal  from  the  boily,  the 
living  muscle  continues  to  take  up  from  the  surrounding  atmos- 
phere a  certain  quantity  of  oxygen  and  to  give  out  a  certain 
quantity  of  carbonic  acid. 

At  the  onset  of  rigor  mortis  there  is  a  very  large  and  sudden 
increase  in  this  prwluction  of  carbonic  acid;  in  fact  nn  outburst, 
tt3  it  were,  of  that  gas.  This  is  a  phenomenon  dei^erving  special 
attention.  Knowing  that  the  cnrbrmic  a<'id,  which  ia  the  out- 
come of  the  rcepiration  "f  the  whole  body,  is  the  result  of  the 
oxidation  of  carbon-holding  substauccfi,  wc  might  very  naturally 
aii[)po«iu  that  the  increased  production  of  carbonic  acid  attendnut 
on  the  develi)pnient  of  rignr  mortis  is  due  to  the  fact  that  during 
that  event  a  certain  (pianlity  of  the  carbon-holding  cousiituenta 
of  the  muscle  is  suddenly  oxidized.  But  puch  a  view  is  nega- 
tived by  the  following  facn>.  In  the  tirst  place,  the  increased 
prmJuction  of  cjirbonic  acid  during  rig()r  mortis  is  not  accom- 
panied by  any  correspniiding  increase  in  the  consumption  of 
oxygen.  In  the  second  place,  a  muscle  (of  a  frog,  for  iustancc) 
coDtainii  in  it^lf  no  free  or  loosely  attached  oxygen:  when  sub- 
jected to  the  action  of  a  mercurial  air-pump  it  gives  off  no  oxygen 
to  a  vacuum,  oflering  in  this  rc^jpect  a  inurke<i  contrast  to  blood  ; 
and  yet,  when  pliiceil  in  an  afniusjihere  free  from  oxygen,  it  will 
dot  only  continue  to  give  off  carbonic  acid  while  it  remains  alive. 
but  will  aleo  exhibit  at  the  onset  of  rigor  mortis  the  same  in- 
creased producli<m  of  carbonic  acid  that  is  shown  by  a  muscle 
place<l  in  an  ntmonphere  ctmtainiug  oxygen.  It  ia  obvious  that 
m  such  a  ca.«e  the  carbonic  acid  does  not  arise  from  the  direct 
oxidation  of  the  muscle  substance,  for  there  is  no  oxygen  present 
at  the  time  to  carry  an  that  oxidation.  We  are  driven  to  suppose 
that  during  rigor  mortis,  some  complex  bo<lv,  containing  iu  it- 
self ready  formed  carbonic  acid,  so  to  «peak.  is  sfdit  up,  and 
thutf  carbonic  acid  is  set  free,  the  process  of  oxiilalinn  by  which 
that  carbonic  acid  was  formed  out  of  the  carbou-holding  constitu- 
ents of  the  muscle  having  token  place  at  some  anterior  date. 

Living  re;«tiug  muscle,  then,  is  alkaline  or  neutral  in  reaction, 
and  the  substance  of  itB  fibres  contains  a  coagulable  plasma. 
I  9 
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Dead,  rigid  uusclu,  ou  ihe  uLher  hand,  i^  acid  in  reaotiuu,  aud 
DO  longer  cuuUins  a  coagulable  plasma,  but  is  laden  with  the 
solid  m^'usiu.  Further,  the  change  from  the  living,  irritable 
condition  to  that  of  rigor  mortis  \8  accompanied  by  a  large  and 
sudden  development  of  carbonic  acid. 

It  ia  found,  moreover,  that  there  is  a  certain  amt>uut  of  paral- 
lelism between  the  intensity  of  the  rigor  mortis,  the  degree  of 
acid  reaction,  and  the  quantity  of  curbonie  acid  given  out.  If 
we  suppose,  as  we  fairly  may  do,  that  the  intensity  of  the  rigidity 
is  dependent  ou  the  quantity  of  myosin  deposited  in  the  fibres, 
and  the  acid  reaction  to  the  development,  if  not  of  lactic  acid,  at 
least  of  some  other  substance,  the  parallelism  between  the  three 
pro<lucts,  myosin,  acid-prmhicing  sulmtance,  and  carbonic  acid, 
would  suggest  the  idea  that  all  three  are  the  results  of  the  split- 
ting  up  of  the  same  highly  complex  substance.  But  we  nave 
not  at  present  succeeded  in  isolating,  or  in  otherwise  defiaitdy 
proving  the  existence  of  such  a  body,  and  though  the  idea  seems 
tempting,  it  may  in  the  end  prove  totally  erroneous. 

We  may  now  return  to  the  question,  What  are  the  chemical 
changes  which  take  place  when  a  living  resting  muscle  enters 
into  a  contraction?  These  changes  are  most  evident  after  the 
muscle  has  been  subjected  to  a  prolonged  tetanus;  but  there  can 
be  no  doubt  that  the  chemical  events  of  a  tetanus  are,  like  the 
physitnil  events,  simply  the  sura  of  the  results  of  the  constituent 
single  contractions. 

In  the  first  place,  the  muscle  becomes  acid,  not  so  acid  as  in 
rigor  mortis,  but  st'dl  sutiiciently  so,  after  a  vigorous  tetiiuus,  to 
turn  blue  litmus  distinctly  rexl.  The  cause  of  the  acid  reaction, 
like  that  of  rigor  mortis,  is  doubtful ;  but  is  in  all  probability  the 
same  in  bolli  cases. 

In  the  second  phice,  a  coDsiderable  quantity  of  carbonic  acid 
is  set  free;  and  the  production  of  carlxmic  acid  in  muscular 
contraction  is  altogether  similar  to  the  production  of  carbonic 
acid  during  rigor  mortis.  It  is  not  accompanied  by  any  corre- 
sponding increase  in  the  consumption  of  oxygen.  This  is  evident 
even  in  a  muscle  through  which  the  circulation  of  blood  is  ^till 
going  on,  for  though  the  blood  passing  through  a  contracting 
muscle  gives  up  more  oxygen  than  the  bloorl  passing  through  a 
resting  muscle,  the  increa^  in  the  amount  of  oxygen  taken  up 
falls  below  the  incrcAse  in  the  carbonic  acid  given  out;  but  it  ia 
still  more  markedly  shown  in  a  muscle  removed  from  the  body. 
For  in  such  a  muscle  b<Hh  the  ctntraction  and  the  increase  m 
the  production  of  carbonic  acid  will  go  on  in  the  absence  of 
oxygen.  A  frog*s  muscle  suspended  in  an  atmosphere  of 
nitrogen  will  remain  irritable  for  some  considerable  time,  and 
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at  each  vigorous  tetanus  an  increase  in  the  produoiioo  of  oar- 
bonic  acid  nmy  he  readily  ascertained. 

Moreover,  there  seems  to  be  ft  correspondence  between  the 
energy  of  the  contraction  and  the  amount  of  carbonic  acid  and 
the  degree  of  acid  reaction  produced,  bo  tlmt.  llumgh  we  are  now 
treadint^  on  somewhat  uncertain  ground,  we  are  natundly  led  to 
the  view  that  the  essential  cheiQieal  proct*as  lying  at  the  bottom 
of  a  muscular  contraction,  as  of  rigor  mortia,  is  the  splitting  up 
of  some  highly  complex  substance.  But  here  the  resemblance 
between  rigor  mortia  and  contraction  ends.  VV^e  have  no  evi- 
dence of  the  formation  during  a  contraction  of  any  body  like 
myosin.  Now  the  contracted  and  rigid  muscle  ditler  essenlially 
in  the  fact  that  while  the  former,  as  compare*!  with  living  resting 
muscle,  increases  in  extensibility  and  loses  none  of  its  translu- 
ceney,  the  latter  beooraoe  less  extensible,  less  elastic,  and  leas 
translucent.  Corresponding  to  this  marked  ditTerence,  we  find 
myosin  formed  in  the  rigid  muscle,  but  we  cannot  tind  it  in  the 
contracted  muscle. 

The  other  chemical  changes  in  muscle  during  a  cimtraction 
have  not  yet  been  clearly  nuide  out.  Indeed  our  whole  informa- 
tion concerniog  the  other  ubemical  constituents  of  muscle  is  at 
present  imperfect. 

The  bo<lies  which  we  have  called  extractives  are  numerous  and 
varied.  Among  the  nitrogenous  crystalline  extractives  the  uiost 
important  is  creatine,  whioli  occurs  to  the  extent  of  about  0.2  to  0.3 
per  cent.,  is  an  invariable  constituent  of  muscle,  and  is  found 
elsewhere  only  in  nervous  tissue,  the  kidney,  and  to  a  slight  ex- 
tent in  the  blood.  As  we  shall  hereafter  see,  great  interest  is 
attached  to  thi.H  body  inasmuch  as  it  readily  splits  up  into  urea, 
and  sarcosiu,and  accordingly  has  been  regarded  as  one,  at  least, 
of  the  antecedents  of  urea,  whirh  body  is  conspicuous  by  its  ab- 
sence from  muscular  tissue.  The  alkaline  crcatinin  into  which 
creatine  is  converted  by  the  action  of  acids,  and  whidi  appears 
in  the  urine,  is  apparently  ahspnt  from  muscle.  The  other  nitro- 
genous crystalline  bodies,  which  need  not  detain  us  now,  are 
karnin.  hypoxanthin  (or  sarkin),  xanthiu,  iuosinic  acid,  taurin 
and  possibly  uric  acid.' 

Fats  are  present  in  considerable  quantities  both  in  the  adipose 
tissue  between  the  bundles  of  fibres,  and  also  as  constituents  of 
the  muscular  substance  within  the  earcolemma. 

The  peculinr  starch-like  I>»>*iy,  glyci>gen,  of  which  we  shall 
have  to  speak  more  fully  in  a  later  part  of  this  work,  is  especi- 
ally abundant  in  the  muscles  of  the  embryo  at  an  early  (Mjriod, 
and  besides,  is  so  continuallv   met  with  in  the  muscles  of  the 
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adult  that  it  Diay  fairly  be  considered  as  a  normal  constituent  of 
muscle  to  ti  variiible  extent,  posaibly  from  0.0  to  1  per  cent.  A 
dextrin-like  body  hns  also  been  found,  and  at  tiuio^  glucose  or 
an  allied  ^ugar.  The  cardiac  aiuseular  tissue  contains  the  pecu- 
liar Hiitrar,  inosit. 

The  ashes  of  muscle,  like  those  (►f  the  red  corpuscles,  are 
characterized  by  the  pre[>onderance  of  potat<!^iuiii  sult^  and  of 
phosphates;  these  form,  in  fact,  nearly  80  per  cent,  of  the  whole 
ash. 

Tlie  general  composition  of  human  muscle  is  shown  in  the  fol- 
lowing table  of  von  Bibra. 

Water 744.5 

My««in  mid  otti^r  m»U«n,  elHAtio  elernontu, 

etc.,  m.viluble  in  watvr         ....  liV»4 

Roliihlo  phitt'idB Mt  » 

Gclutin '-'0  7 

EatntctivM  nnd  salt^                .  37  I 

Fata Td.O 

'J55.& 

Concerning  the  functional  importance  of  these  various  bodies, 
we  have  very  little  exact  knowledge. 

Helmhohz  showed  long  ago  that  the  ertcct  of  long-continued 
contraction  is  to  diminish  the  substances  in  muscle  which  are 
soluble  in  water,  but  to  increase  those  which  are  soluble  in  al- 
cohol. In  other  words,  during  contraction  some  substance  or 
sulwtAnces  soluble  in  water  are  (^inverted  into  another  or  other 
substances  insoluble  in  water  but  soluble  in  alcohol.  During  or 
ai\er  rigor  mortis,  glycogen  is  converted  into  sugar,  and  it  has 
been  ct>ntended  that  a  similar  change  taJces  place  during  con* 
traction  ;  but  we  arc  not.  at  prei^tut  at  alt  eveultt,  in  a  pot«ition  to 
uDirm  that  such  a  convorwion  is  a  necessary  and  integral  part  of 
the  chemrcttl  trauafurmulioiis  which  lie  at  the  bottom  of  a  mu»- 
cutar  contraction. 

We  shall  have  occasion  to  treat  more  fully  and  from  a  different 
point  of  view,  of  the  relations  between  muscular  exercise  and  the 
quantity  of  urea  ilischarged  by  the  kidui'y.i.  Meanwhile  we  may 
state  that  not  only  does  this  all-important  nitrogenous  crystalUue 
hiMly  a))pear  to  be  at>8cnt  from  normal  nuiscle,  both  during  rest 
nnd  at\cr  contraction,  but  we  have  as  yet  no  aderpiate  evidence 
that  the  contraction  of  a  muscle  is  folhrwcil  by  the  ap|>carance  iu 
the  substance  of  the  muscle  or  in  the  binod  passing  through  it  of 
any  new  nitrogenous  product,  or  bv  any  incrciwc  in  any  of  the 
nitrogenous  estractivi'«  whirh  we  have  mentioned  oa  normally 
present  in  muscle.  In  fact,  all  we  know  at  present  is  that  a 
contraction  is  follower!  by  an  increase  in  the  tliscbarge  of  carbonic 
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acid,  and  by  certain  changes  which  lead  to  an  acid  reaction, 
Beyond  this  we  nm  in  the  dark. 

Thermal  Oianffce.  1 

The  view,  however,  that  chetuiual  chauKi**  lie  at  the  hottom  of 
a  muscular  contraction,  that  the  energy  which  Lakej*  ou  the  f<^rm 
of  muscular  work  arises  from  a  rnelabolisiu  of  the  luuscular  sub- 
stance, is  supported  by  a  variety  of  considerations,  and  es|K'cialIy 
perhaps  by  the  fact,  thai  the  development  of  energy  as  muscular 
work  is  aceumpanied  by  u  development  of  enerjry  as  heat. 

Though  we  shall  have  herealler  to  treat  this  gubjeot  more 
fully,  the  leading  facts  may  be  giveu  here.  Whenever  a  muscle 
contracts,  its  temperature  rises,  indicating  that  heat  h  given  out. 
When  a  mercury  thermometer  is  plunged  into  a  maf«*  of  muscles, 
such  as  those  of  the  thigh  of  the  dog,  a  ri.sc  of  the  mercury  is 
observed  up<in  the  muscles  being  thrown  into  a  prolonged  con- 
traction. More  exact  resulLH,  however,  are  obtained  by  means  of 
a  thermopile,  by  the  help  of  which  the  rise  of  temperature  caused 
by  a  few  repeated  single  contractions,  or  indeed  by  a  slugle  con- 
traction, nmy  be  observed  and  the  amount  of  heat  given  out 
approxiraatively  measured. 

The  therniopitv  may  consiat  either  uf  a  siDglo  junL'tinn  in  lh«  form  nf  a 
n«e<lli5  plani^et'J  into  the  fiubittuiice  of  the  init»c]e  ;  or  (if  soveml  junctiuos 
either  in  the  ^hnpe  of  n  riut  surface  carefully  opptHicd  to  the  iiurfflce  of 
muscle  (IleidefiliBin'i,  tbu  pile  being  bularict-'U  so  um  lu  move  with  the  con- 
trnctin^  inu»cli5,  fttia  thuit  to  keep  the  cuntuul  cxaoi ;  ur  in  iht^  ^Impc  uf  ■ 
ihin  wedge  (Pick),  the  edL'e  of  which,  t'om|irisiiii!;  tlie  nciuiil  junriioni, 
i«  thnui  into  h  mai^s  of  muscles  and  held  in  poHlton  by  ihein,  In  hII 
ciues  the  fellow  junotiuti  ur  Juiiutionft  mutit  he  kept  nl  u  citnstant  teni- 
pe  rat  lire. 

Fick  calculated  that  the  greatest  heat  given  out  by  the  mus- 
cles of  the  thigh  of  a  frog  in  a  single  contraction  was  3.1  micro- 
units  of  heat'  for  a  gramme  of  muscle,  the  result  l.>eiug  obtained 
by  dividing  by  five  the  total  amount  of  heat  given  out  in  tive 
successive  single  contractions.  It  will,  however,  be  safer  to  reganl 
these  figures  ot*  illustrative  of  the  fact  that  the  heat  given  out  is 
considerable  rather  thau  as  data  for  elaborate  calculations. 
Moreover,  we  have  no  aatisfacUjry  quantitativo  deteruiinatiuns 
of  the  heat  given  out  by  the  muscles  of  warni-hlooded  animals, 
though  there  can  be  no  doubt  that  it  is  much  greater  than  that 
given  out  by  the  muscles  of  the  frog. 

There  can  hardly  be  any  doubt  that  the  heat  thus  set  free  is 
theproductof  chemical  changes  within  the  muscle,  changes  which, 
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though  they  cannot  for  the  reasona  given  above  be  rogarWed  as 
simple  aud  direct  oxiHatious,  may  be  spoken  of  in  general  terms 
as  a  combustion.  So  thut  the  muscle  may  be  likened  Ut  a  steam- 
engine,  in  which  the  combustion  of  a  certain  amount  of  material 
gives  rise  to  the  development  of  energ)'  in  two  forms,  as  heut  and 
aa  movement^  there  being  certain  quantitative  relations  between 
the  amount  of  energy  set  free  as  heat  and  that  giving  rise  to 
movcrneni.  We  must,  however,  carefully  guard  ourselves  against 
pressing  this  analogy  too  closely.  In  the  steam-eugine,  we  cao 
di.*tiii|4uish  clearly  between  the  fuel  which,  through  its  combus- 
tiuu,  is  the  sole  source  of  energy,  and  the  niachiuery,  which  is  not 
consumed  to  provide  energy  and  only  suffers  wear  aud  tear.  In 
the  muscle  we  can  make  no  such  dii^tiuction  ;  though  the  whole 
matter  is  not  fully  worked  out,  we  have  reason  to  think  tliat  the 
muscular  fibre  la  not  to  be  regarded  uh  a  machine  which  takes, 
30  to  speak,  a  charge  of  certain  substancts  from  the  blood,  and 
by  inducing  an  explosion  of  these  subelaucea  in  itself  gives  rise 
to  the  energy  of  heat  and  movement.  On  the  contrary,  the  evi- 
dence g0€i4  to  show  that  it  is  the  living  contractile  suh^lance  as 
a  whole  which  is  continually  breaking  down  in  an  explosive  de- 
composition and  as  continually  building  itself  up  again  outof  the 
material  supplied  by  the  blood.  In  a  steatu-engine  only  a  certain 
amount  of  the  tittal  potential  energy  of  the  fuel  iasuee  as  work, 
the  reut  being  lot^t  ub  heat,  the  pro])or(ion  varying,  but  the  work 
rarely  exceeding  one-tenth  of  the  total  energy.  In  the  case  of  the 
muscle,  we  are  not  at  present  in  a  pt^itiou  to  draw  up  an  exact 
equation  between  the  latent  energy  on  the  one  hand  and  the  two 
forms  of  actual  energy  on  the  other.  We  have  reason  to  think 
thut  the  proportion  between  heat  aud  work  varies  considerably 
under  <liHVreut  circumstances,  the  work  sometimes  rising  as  high 
as  one-ft)tirth,  Bonietinies  possibly  sinking  as  low  as  one-twenty- 
fourth  of  the  total  energy,  and  observations  seem  to  show  that 
the  greater  the  resistance  which  the  muscle  has  to  overcome,  the 
larger  the  pro|>i»rtion  of  the  total  energj*  expended  which  goes 
out  as  work  done.  The  muscle,  in  fact,  seems  to  be  so  far  aelf- 
regulating  that  the  more  work  it  has  to  do,  the  greater,  within 
certain  limits,  is  the  economy  with  which  it  works. 

Lastly,  it  must  be  remembercil  that  the  giving  out  of  heat  by 
the  muscle  ia  not  confined  to  the  occasiong  when  it  is  actually 
contracting.     When,  at  a  later  f»eriod,  we  treat  of  the  heat  of  the 
body  gCDcrally,  evidence  will  be  brought  forward  that  the  mus- 
cles even  when  at  rest  are  giving  rise  to  heat,  so  that  the  heat 
iven  out  at  a  contraction  is  not  some  uhnlly  new  i>hcoomenou, 
ut  a  temporary  exaggeration  of  what  is  going  on  continually 
t  a  more  feeble  rale. 
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The  Changes  in  a  Nerve  during  Ute  Pauage  of  a  Nen*o»s  Impulse. 

The  change  in  the  form  of  aiuuaclc  during  its  contmction  is  a 
thing  which  can  be  seen  ami  folt;  hut  the  changes  in  a  nerve 
during  iU  activity  are  invisible  and  impalpable.  We  stimulate 
one  end  of  a  nerve,  and  since  we  see  this  followed  by  a  conlrac- 
tioti  of  the  muscle  attached  to  the  other  end,  we  know  that  some 
changes  or  other^  constituting  a  nervous  impulse,  have  been 
propagated  along  the  nerve;  but  these  are  cnangea  which  we 
cannot  see.  Nor  have  we  satisfactory  evidence  of  any  cl»emical 
events  or  of  any  production  of  heat  nccoinpanying  a  nervous 
ioipulee.  We  may  fairly  suppose  that  mme  chemical  changes 
ft>rni  the  ba^is  of  a  nervous  impulse,  and  that  thcMc  chunj^es  set 
free  a  certain  amount  of  heat;  but  these,  if  they  occur,  are  too 
slight  to  be  recognized  salislactorily  by  ihe  means  at  present  at 
our  dispoeal.  In  fact,  beyond  the  terminal  results,  such  as  a 
muscular  contraction  in  the  case  of  a  uerve  going  to  a  mus^de,  or 
some  affection  of  the  central  nervous  system  in  the  case  of  a 
nerve  «till  in  connection  with  its  nervous  centre,  there  is  one 
event  and  one  event  only  which  we  are  able  t<»  recognize  ns  the 
objective  token  of  a  nervous  impulse,  and  that  is  the  so-called 
negative  variation  of  the  nerve-current.  For  a  |)iece  uf  nerve 
remdved  fronj  the  body  exhibits  nearly  the  same  electric  phe- 
nomena as  a  piece  of  muscle.  It  has  an  equator  which  is  elec- 
trically ptifitivp  as  compared  to  its  two  cut  end?.  In  fact,  the 
diagram  Fig.  2*2,  and  the  description  which  it  was  used  on  p.  88 
to  illu5trute,  may  bt;  applied  to  nerve  us  well  as  to  muscle,  except 
that  the  currents  are  in  alt  cases  much  more  feeble  in  the  case  of 
nerveti  than  of  muscles,  and  the  special  curreuta  from  the  cir- 
cumference to  the  centre  of  the  transverse  sectitms  cannot  well 
be  shown  in  a  slender  nerve ;  indeed,  it  is  doubtful  if  they  exist 
at  all. 

During  the  passage  of  a  nervous  impulse,  the  "natural  nerve- 
current"  undertjoes  a  negative  variation, just  aa  the  "natural 
muscle-current'  undergoes  a  negative  variation  during  a  con- 
traction. There  are,  however,  difKcultiea  in  the  case  of  the  nerve 
similar  to  those  in  the  case  of  the  mu.scle,  conwirning  the  pre- 
existence  of  any  such  "natural  "  currents.  It  is  mainlaiue<i  by 
many,  that  a  nerve  in  an  absolutely  natural  condition  in  like  a 
muscle — isiteiectric ;  hence  we  may  say,  that  in  a  nerve  during 
the  passage  of  a  nervous  impulse,  as  iu  a  muscle  during  a  mus- 
cular contraction,  a  "current  of  action  **  is  developed. 

This  "current  of  action,"  or  "negative  variation,"  may  be 
shown  either  by  the  galvanometer  or  by  the  rheoscopic  frog.  If 
the  nerve  of  the  "  muscle-nerve  preparation"  B  (see  p.  92)  be 
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placed  in  hu  appropriate  manuer  on  a  thoroughly  irritable  nerve 
(A)  (to  which,  oi'  course,  no  muscle  need  be  attached  > — u  «., 
touching,  say,  the  equator  an<l  one  end  of  the  nerve,  then  single 
induction-shocks  sent  into  the  far  end  of  A  will  cause  single 
spaama  in  the  muscle  of  Ji,  while  tetanixntion  of  .4 — i.  e.,  rapidly 
repeated  shocks  sent  into  A,  will  cause  tetauus  of  the  muscle 
ofi?. 

That  this  current,  whether  it  he  regarded  as  an  independent 
"  current  of  action/'  or  tu  a  negative  variation  of  a  *'  preexisting  " 
current,  is  an  essential  feature  of  a  nervous  impulse,  is  shown  by 
the  fact  that  the  degree  or  intenaity  of  the  one  varies  with  that 
of  the  other.  They  both  travel,  too,  at  the  same  rate.  In  de- 
scribing the  muscle-curve,  and  the  method  of  measuring  the 
muscular  latent  period,  we  have  incidentally  shown  (p.  76)  how 
the  velocity  of  the  nervous  impulse  is  measured  also,  and  stated 
that  the  rate  in  the  nerves  of  a  frog  ia  ab»-)Ut  28  meti'ea  a  second. 
Beruslein,  by  means  of  a  special  and  somewhat  complicated  ap- 
paratus finds  that  the  current  of  action  travels  along  an  isolated 
piece  of  nerve  at  the  siune  rate.  He  also  Hnds  that  it,  like  the 
molecular  change  in  a  muscle  preceding  the  contraction,  and, 
indeed,  like  the  contraction  itself,  passes  over  any  given  spot  of 
the  nerve  in  the  form  of  a  wave,  rising  rapidly  to  a  maximum 
and  then  more  gradually  declining  again.  He  has  been  able  to 
measure  the  length  of  the  wave,  and  this  he  finds  to  be  about  18 
mm.,  taking  0.0007  second  to  pass  over  any  one  point. 

Wheu  an  isolated  piece  of  nerve  is  stimulated  in  the  middle, 
the  current  of  action  is  propagated  equally  well  in  both  direo- 
lions,  and  that  whether  the  nerve  be  a  chiefly  sensory  or  a  chiefly 
motor  nerve,  or,  indeeil,  if  it  be  a  nerve-root  composed  exclusively 
of  motor  or  of  sensory  fibres.  Taking  the  current  of  action  as 
the  token  of  a  nervous  impulse,  we  infer  from  this  that  when  ■ 
uerve-iibre  is  stimulated  artificially  at  any  part  of  its  course,  the 
nervous  impulse  set  going  travels  in  both  directions. 

We  used  just  now  the  phrase  "  tetanization  of  a  nerve,"  mean- 
ing the  application  to  a  nerve  of  rapidly  repeated  shocks  such  as 
would  produce  tetanus  in  the  muscle  to  which  the  nerve  was 
attached,  and  we  shall  have  frequent  occasion  to  employ  the 
piirase.  It  will,  however,  of  course,  be  understood  that  there  is 
in  tiie  uurve,  as  fur  as  we  know,  no  summation  of  nervous  im- 
pulses comparable  to  the  summation  of  muscular  contractions. 
The  matter,  perhaps,  needs  fuller  investigation ;  but,  as  far  as  we 
know  at  present,  we  may  say  that  the  series  of  shocks  sent  in  at 
the  far  end  of  the  nerve  start  a  series  of  impulses;  ihc^e  trave] 
down  the  nerve  and  reach  the  muscle  as  a  series  of  distinct  im- 
pulses; and  the  first  changes  in  the  muscle,  the  molecular  latent- 
period  changes,  also  form  a  series  the  members  of  which  aro 
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tllsttnot.  It  is  nnl  until  th^6  molecular  changes  becuine  trans- 
iurnicil  into  visible  changes  uf  fDrm  that  any  fusion  or  summation 
takes  place. 

Putting  together  the  facts  contained  in  this  and  the  preceding 
sections,  the  following  may  be  taken  as  a  brief  approximate  his- 
tory of  what  takes  place  in  a  muscle  and  nerve  when  the  latter 
is  subjected  to  a  single  induction-shoek.  At  the  instant  that  the 
induced  current  passes  into  the  nerve,  changes  occur,  of  whose 
nature  we  know  nothing  certain  except  that  they  cause  a  *' cur- 
rent of  action,"  or  "  negative  variation  of  the  natural  "  nerve- 
current.  These  chunges  propagate  themselves  along  the  nerve 
in  both  directions  as  a  nervous  impulse  in  the  form  of  a  wave, 
having  a  wave-length  of  about  18  mm.,  and  ii  velocity  (in  frog's 
nerve  I  of  alxHit  2S  m,  per  second.  Passing  down  the  nerve-Hbre« 
to  the  muscle,  dowing  along  the  branching  and  narrowing  tracts, 
the  wave  at  last  breaks  on  the  end-platea  of  the  fibres  of  the 
muscle.  Here  it  is  transmuted  into  a  muscle-impulse,  with  a 
shorter,  steeper  wave,  and  a  greatly  dimini:*hcd  velocity  (about 
3  m.  per  second).  This  rauscle-irapuise,  of  which  we  know  hardly 
more  than  tltat  it  is  marked  by  a  current  of  action,  travels  from 
ih  end-plate  in  both  directions  to  the  end  of  the  fibre,  where  it 

Ipears  to  be  lost — at  all  events,  we  do  not  know  what  becomta 
oi  it.  As  it  leaves  the  end-plate  it  is  followed  by  an  exj»lo9ive 
decomposition  of  material,  leading  to  a  discharge  of  carbrtnic 
acid,  to  the  appearance  of  some  8ui>8tance  or  sut>stunces  with  nu 
acid  reaction,  and  probably  of  other  unknown  things,  with  a 
considerable  development  of  heat.  This  explotsive  decomposition 
gives  rise  to  the  visible  c^mtniction-wave,  which  travels  bel)ind 
the  invisible  muscle-impulse  at  about  the  same  rate,  but  with  a 
vastly  increased  wave-length.  The  Hbrc,  as  the  wave  passes  over 
it,  swells  and  shortens,  bringing  its  two  ends  nearer  together,  its 
molecules  during  the  change  of  form  arranging  themselves  in 
such  a  way  that  tbe  extensibility  of  the  fibre  is  increased. 


Sec.  3. — Thi:  Nature  of  the  Ciianoes  thkouoii  which  ax 
ELKt-nac  CritRKNT  is  akle  to  Gi:neuatk  a  Neuvous 
Imi'UI^e. 


Action  of  the  Omuiant  Current 

In  tbe  preceding  account,  the  stimulus  applied  in  order  to  give 
rise  Ui  a  nervous  impulse  has  always  been  supfxjsed  to  be  an 
induction-shock,  single  or  repeated.  This  choice  of  stimulus  has 
been  made  on  account  of  the  almost  momentary  duration  of  the 
indui^l  current.     Had  we  used  a  current  lasting  for  some  con- 
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sidernble  time,  the  problems  before  ua  would  have  become  more 
complex  in  consequence  of  our  having  to  distinguish  between  tlie 
events  taking  place  while  the  cnrrent  was  passing  through  the 
nerve  from  those  which  occurred  at  the  moment  when  the  current 
waa  thrown  into  the  nerve  or  at  the  moment  when  it  was  shut 
off  from  the  nerve.  These  complications  do  arise  when,  instead 
of  employing  the  iuduced  current  us  a  stimulus,  we  use  a  eon- 
stnnt  current^!,  e.,  when  we  pass  through  the  nerve  or  muscle) 
a  current  direct  from  the  battery  without  the  intervention  of  any 
induction-coil. 

Before  making  the  actual  experiment,  we  might,  pcrhapfl. 
naturally  suppose  that  the  constant  current  would  act  as  a 
stimulus  throughout  the  whole  time  during  which  it  was  applied — 
that,  so  long  as  the  current  passed  along  the  nerve,  nervous  im- 
pulses would  be  generated,  and  thus  the  muscle  thrown  into 
something  at  all  events  like  tetanus.  Ami  under  certain  condi- 
tions thii?  does  take  place ;  occasionally  it  happens  that  at  the 
moment  the  current  is  thrown  into  the  nerve,  the  muscle  of  the 
muscle-nerve  preparation  falls  into  a  tetanus  which  is  continued 
until  the  current  is  shut  off.  But  such  a  result  is  exceptional. 
In  the  vast  majority  of  cases,  what  happens  ia  as  ff>llow8.  At 
the  moment  that  the  circuit  is  made — the  moment  that  the  cur- 
rent is  thrown  into  the  nerve — a  single  spasm,  a  simple  contrac- 
tion, the  so-called  iwiking  contradionjls  witnessed  ;  but  aft<?r  this 
has  passed  away  the  muscle  remains  absolutely  quiescent  in  spite 
of  the  current  continuing  to  pass  through  the  nerve,  and  thia 
quiescence  is  maintained  until  the  circuit  is  broken — until  the 
current  is  shut  off  from  the  nerve — when  another  simple  contrao- 
tion,  the  so-called  breaking  con^rflc/ion,  is  observed.  The  mere 
poaeage  of  a  constant  current  of  uniform  intensity  through  a  nerve 
does  not,  under  ordiuary  circumstances,  act  as  a  stimulus  gener- 
ating a  nervous  impulse ;  such  an  impulse  is  only  set  up  when 
the  current  either  falls  into  or  is  shut  off  from  the  nerve.  It  ia 
the  entrance  or  the  exit  of  the  current,  and  not  the  continuance 
of  the  current,  which  is  the  stimulus. 

The  quieecenoo  of  the  nerve  and  muscle  during  the  passage  of 
the  current  Is,  however,  dependent  on  the  current  remaining 
uniform  in  intensity,  or  at  least  not  l>eing  suddenly  increased  or 
diminished.  Any  sufficiently  sudden  and  large  increase  or  dim- 
inution of  the  intensity  of  the  current,  will  act  like  the  entrance 
or  exit  of  a  current;  and,  by  generating  nervous  impulses,  give 
rise  to  contractions.  If  the  intensity  of  the  current,  however,  be 
very  slowlv  and  gradually  increased  or  dindniished.  a  very  wide 
range  of  intensity  may  be  poased  through  without  any  contrac- 
tion being  seen.     It  is  the  sudden  change  from  one  condition  to 
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another,  and  uui  the  C(>n<liti(>n  iteclf,  which  caufitie  the  nervous 
impuUe. 

In  many  ciurt-s,  both  a  "  making  "  and  a  '*  breaking  "  conirac- 
tion,  caoh  a  simple  dpaaro,  are  observed,  and  this  is  ^)erhaf>e  the 
commonest  event;  but  when  the  current  is  very  weak,  and  u^ain 
when  the  current,  is  very  strong,  either  the  breaking  or  the  niaking 
contraction  may  be  absent — i.  e.,  there  may  be  a  contraction  only 
when  the  current  is  thrown  into  the  nerve,  or  only  when  it  is 
shut  ofl*  from  the  nerve. 

Under  ordinary  circumstanceg,  the  Ci>utraction8  witnessed  with 
the  constant  current  either  at  the  make  or  at  the  break,  are  of 
the  nature  of  a  '* simple"  contraction  ;  but,  as  has  already  been 
said,  the  application  of  the  current  may  give  rise  to  a  very  pro- 
nounced tetanus.  Such  a  tetanus  is  seen  sometimes  when  the 
current  is  made,  lasting  during  ihc  application  of  the  current, 
sometimes  when  the  current  is  broken,  lasting  some  time  jitter  the 
current  has  l>eeu  wholly  removed  from  the  nerve.  The  former 
is  spoken  of  as  a  "  making/*  the  latter  ns  a  "  breaking,"  tetanus. 
But  these  exceptional  results  of  the  constant  current  need  not 
detain  us  now. 

The  great  interest  attached  to  the  action  of  the  constant  cur- 
rent lies  in  the  fact,  that  during  the  passage  of  the  current,  in 
spite  of  the  abdence  of  all  nervous  impulses,  and  therefore  of  all 
muscular  contractions,  the  nerve  is  for  the  time  both  between 
and  on  each  side  of  the  electrodes  profoundly  modified  in  a  most 
peculiar  manner.  Thi^  m(xii6cation,  important  both  for  the  light 
it  throwB  on  the  generaiion  of  nervous  impulses  and  for  its  prac- 
tical applications,  is  known  under  the  name  of  electrotouus. 

Electrotonus. — The  marked  feature  of  the  electrotonic  condi- 
tion is  that  the  nerve,  though  apparently  quiescent,  is  changed  in 
respect  to  its  irritability ;  and  that  in  a  different  way  in  the 
neighborhood  of  the  two  electrodes  respectively. 

buppose  that  on  the  nerve  of  a  muscle-nerve  preparation  are 
placed  two  (non-polarizahle)  electrodes  (Fig.  23,  <i,k)  connected 
with  a  battery  and  arranged  with  a  key,  so  that  a  constant  cur- 
rent can  at  pleasure  be  thrown  int»-»  or  shut  ofl'  from  the  nerve. 
This  constant  current,  whose  effects  we  are  about  to  study,  may 
be  called  the  "polarizing  current."  Let  a  be  the  positive  elec- 
trode or  anode,  and  k  the  negative  electrode  or  kathtwle,  both 
placed  at  some  distance  from  the  muscle,  and  also  w'ith  a  certain 
mterval  between  each  other.  At  the  point  x  let  there  be  applied 
a  pair  of  electroiles  connected  with  an  induction-machine.  Let 
the  muscle  further  be  connected  with  a  lever,  so  that  its  contrac- 
tions con  be  recorded,  and  their  amount  measured.  Before  the 
polarizing  current  is  thrown  into  the  nerve,  let  a  single  induction- 
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shock  of  known  intensity  (a  weak  one  being  choseu,  or  at  least 
not  one  which  would  cause  in  the  muscle  a  maximum  coniractioa ) 
be  throuu  In  at  x,  A  contraction  of  a  certain  amount  will  follow. 
That  contraction  may  be  taken  as  a  measure  nf  the  irrilability 
of  the  nerve  at  the  point  x.  Now  let  the  polarizing  current  be 
thrown  in.  and  let  the  direction  of  the  current  be  a  dcttccndinr; 
one,  with  the  kathode  or  negative  pole  nearest  the  mustcle,  as  in 
Fig.  23  (J).   If  while  the  current  is  passing,  the  same  iuduction- 

Fio,  23. 


MlMn-»-iii:RVK  rnKfAHATiuK*,  wlUt  lli«  Uvm  •Xlwicil  Id  j|  to  ■  dmeauUmf  mi4  Hi  B  U>  mn 
memtdti^f  c^Miant^  4,'urr*«i>r. 

Ill  MU'b  u  l»  (III-  aii>j>k>.  k  tlt»  luiltualr  iiT  llic  rnurianl  rarrr>Ql.  *  rt*iin>tr>iii»  Ihr  «pu|  whoni 
tho  tniliii-tlnit-alKick*  ui^l  U'  tuit  Oir  irHUIillltj  of  tbc  Drrrv  nrv  wni  in. 

shock  Bs  before  be  sent  through  x,  the  contraction  which  results 
will  be  f*)und  to  he  greater  than  on  the  former  occasion.  If  the 
polarizing  current  be  fihut  off,  and  the  point  x  after  a  short 
interval  again  tested  with  the  same  induction  shock,  the  contrac- 
tion will  be  no  longer  greater,  but  of  the  same  amount,  or  perhaps 
not  so  great,  as  at  first.  During  the  papaage  of  the  prdarizing 
current,  therefore,  the  irritability  of  the  nerve  at  the  point  r  has 
been  tem|>orarily  increased,  since  the  same  shook  applied  to  it 
causes  a  greater  contraction  during  the  presence  than  in  the 
absence  of  ^he  current.  But  this  is  only  true  so  lone  as  the 
polarizing  current  is  a  descending  one.  so  long  ns  the  poim  j-  ]i^^ 
on  the  side  of  the  katho<le.  On  the  other  hand,  if  ihe  [Mdarizing 
current  had  been  an  a«crnding  one,  with  the  amxle  or  poitttiT« 
pole  nearest  the  muscle,  as  in  Fig.  23  (B),  the  irritability  of  the 
nerve  at  x  would  have  been  found  to  be  dimmuhed  ioBtead  of 
moTeased  by  the  polarizing  current.     That  is  to  say,  when  a 
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itant  current  is  applied  to  a  nerve,  the  irritability  of  tiie  nerve 

tvreeu  the  polarizinir  electro(iea  arul  the  muacle  ia,  during  ihe 
passage  of  the  current,  iucreused  uhon  the  kathode  is  nearest  the 
muscle  fnnd  tlie  pi:)Iarizing  current  descending),  and  diniinitihed 
when  the  anode  is  nearest  the  muscle  (and  the  pulariziu^  current 
ascendingi.  CoHveraely,  on  the  far  side  of  the  p'^iurizing  i-Ioc- 
trodea,  the  irritubilily,  at  least  with  certain  streoglhs  of  ctirrcnt, 
is  increased  witli  an  ni^ceiiding  and  diniiuihhed  wiih  a  descending 
}>olari/.ing  current,  llfnce  it  may  be  stJilfd  gouLTally  that  during 
the  pafisageof  a  constant  current  through  a  nerve  the  irritability 
of  the  nerve  is  increased  in  the  region  of  the  kathode,  anil  dim- 
inished in  the  region  of  the  anode.  The  changes  in  the  nerve 
which  give  rise  to  this  increase  of  irritability  in  the  regitm  of  the 
kathode  are  spoken  of  as  kaieledrotonii^,  nnd  tlie  nerve  is  said  to 
be  in  a  katelectrotonic  condition.  Similarly  the  changes  in  the 
region  of  the  anode  are  sptjken  of  a»  ancleeiroionus^  and  the  nerve 
is  said  to  be  in  an  auelectrotonic  condition.  It  h  also  oAen  usual 
to  speak  of  the  katelectrotonic  increase,  and  auelectrotonic  de- 
crease of  irritability. 

This  law  remaius  true,  whatever  be  the  mode  adopted  for 
determining  the  irritability.  The  result  holds  good  not  only  with 
a  single  induclion-^hock,  but  al&o  with  a  tetanizing  interrupted 
current,  with  chemical  and  with  mechanical  stimuli.  It  further 
appears  to  hold  good  not  only  in  a  dissectecl  nerve-oiusclc  prepa- 
ration, but  also  in  the  intact  nerves  of  the  living  body.  The 
increase  and  decrease  of  irritability  are  moat  niarke*!  in  the 
immetliate  neighlwrbood  of  the  electrodes,  but  8[iread  for  a  con- 
eiderable  distance  in  either  direction  in  tho  exirapolnr  regions. 
The  same  nuKlificalion  id  not  confined  to  the  ex tra{M)lar  region, 
but  exidts  also  in  the  intrapolar  region.  In  the  intrapolar  region 
there  must  be,  of  course,  an  indifferent  point,  where  the  katelec- 
trotonic increase  niergeu  into  the  auelectrotonic  decrease,  and 
where,  therefore,  the  irritability  is  unchanged.  When  the  polar- 
izing current  is  a  weak  one,  this  inditferent  point  U  nearer  the 
anode  than  the  kathode,  but  as  the  polarizing  current  incrcnses 
in  intensity,  draws  nearer  and  nearer  the  kathode  (see  Fig,  24). 

The  amount  of  increase  and  decrease  is  dependent:  (1)  On 
the  strength  of  the  current,  the  stronger  current  up  to  a  certain 
limit  pro<lucing  the  greater  efffct.  1,2)  On  the  irritability  of 
the  nerve,  the  more  irritable^  belter  conditioned  nerve  being  the 
more  aflected  by  a  current  of  the  same  intent^ity. 

In  the  experiments  just  described  the  increase  or  decrease  of 
irritability  is  taken  to  mean  that  the  sunt*  stimulus  starts  in  the 
one  case  a  larger  or  more  powerful,  and  in  the  other  case  a 
smaller  or  less  energetic  impulse,  but  we  have  reason  to  think 
that  the  mere  propagation  or  conduction  of  impulses  started 
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elsewhere  is  atlectetJ  by  the  clectrotonic  coudition.  At  a]] 
events,  an  eleclrotonus  a]>pear3  to  otFer  an  obstacle  to  the  passage 
of  a  aerTous  impulse. 

These  variations  of  irritability  at  the  kathode  and  anode  re- 
s|>ectively  must  be  the  result  of  molecular  changes,  brought 
about  by  the  action  of  the  constant  current.  They  are  interest- 
ing theoretically  because  they  show  that  the  generation  of  a 
nervous  impulse  as  the  result  of  the  making  or  breaking  of  a 
constant  current  is  tiependent  on  the  change  "f  a  nerve  from  its 
normal  condition  into  either  kulelectrotonus  or  anelectrotonus, 
or  back  again  from  one  of  these  phases  into  its  normal  condition. 
And  certain  results  as  to  the  occurrence  or  absence  of  a  contrac- 
tion at  the  make  or  at  the  break,  according  as  the  current  is 
strong  or  weak,  ascending  or  descending  (results  which  need 
not  detain  us  here,  but  which  have  been  formulated  as  the  so- 
called  "  law  of  contraction  "),  go  far  to  show  that  a  nervous 

Fio.  24. 
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I'nutiiiriAiirt  itkuxt!!  ur  Im  HrAMUtt  l.'«TU(«fii.  (Kruiu  1'rt.L-tiUi.) 
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[■tlur  ill»lr(rt  U\  "iw-li  <jf  t)i»'  iUn-"  ciir^»»,  tb<'  (uTtiuu  uf  lli*-  t-itrre  boluw  (Iir  Imm>.|1ii«>  n^ 
rrwiit«  itiuiinlolHtl  imtulillitjr.  thul  aIhiVc,  lui-n-tMifil  Itrilaliillt;.  pj  rrprMinla  tJir  rfltTt  t4  m 
wi-iik  >.-iiiTt'[ii .  iIm'  iiclltTi'ri'Ki  i«>liii.  ^1.  t«  ilir  (»ii<>l<-,  \.  In  y,,  A  iiirviiiirT  ■  um-nr,  iho  in- 
ilm>n>nt  point,  j-*,  t*  ai<«in'r  IIh'  lullitMlr,  b,  tlii*  iliiitiuutiuii  %i(  irHtxIiUhj'  In  uii*>lHinituntia 
•I III  til r<   htrr>«ft«-   tu   luilKtM'trotiinil*  In^lnic   i!Jt*U-l    lliwll   in  tUl  thr   rfTLtl   ulw>  ({(IvhiIp  fnr  m 

KTMilcr  iliftijiiHt' itluiiii  tilt- *-iir«|Niliir  ri-icixtt^  iti  l«tth  illrttlt'ina.     Infjilii-  mmr- rwnta  wr 
■Mid  b»  Ik>  ntlll  iNUfft  m«rk'«l. 

impulse  is  generated  only  when  a  nerve  pusses  suddenly  from  a 
normal  cm^lition  into  the  phase  of  kutelectrotonus  (making  con- 
traction) or  returns  from  the  phase  of'auelectrotouusto  a  normal 
condition  (breaking  contrnction) ;  in  other  words,  when  it  passes 
suddenly  frum  a  phase  nf  lower  to  a  phase  of  higher  irritability. 
The  phenomena  of  electrotonus  are  aim)  interosiing  practically, 
inasmuch  as  they  shuw  that  in  the  constant  current  appropri- 
ately applied  we  have  the  means  of  changing  at  will  the  irri- 
tability of  this  or  thai  nerve,  decreasing  it  when  we  wish  to 
ieeeen  pain  or  spasm,  increasing  it  when  we  wit»h  to  heighteo 
sensibility  or  muscular  action.     For  the  increase  or  decrease  is 
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oliserveH  in  the  case  of  nervous  impulses  [lossing  towards  ihe 
central  nervuus  svstera  as  well  aa  in  those  passing  to  muscles. 

Electrotonic  Ourrenta. — Daring;  the  piusitgA  of  a  conJitAni  current 

Ihrough  n  nerve,  vuri(Ltton«  in  the  flwtric  current?  of  ihc*  n*.Tvt_'  mmlojtrouR 
in  some  re^poet»  t«i  the  vnrintiun)i  Mf  t}io  irritability  of  iIdj  iirivv  niny  be 
witncf.-»l.  Thus  if  acon.sUnt  cnn*onl  iiippliod  hj  the  hnttfry  /*(Kig.  26), 
Ik?  Hpplicd  to  a  piece  of  nerve  bv  ruonns  uf  two  n'»ri-p''liiiiziible  el-H-'trtxlos, 
ft,  u',  the  *'  currents  of  re*t  '  ■'btuinablo  from  vnriou*  poinU  ui'  the  nerve 
will  be  (litfert-nt  diirin>x  the  pii*4at;i^  nf  thi»  polnriBini^  current  fMm  tho80 
which  were  mnnif&^t  before  Mr  aftor  tho  current  wu«  nnpliod  ;  and,  more- 
over, the  changes  in  the  nerve-currents  pr^xluccd  by  the  polftrizing 
current  will  not  hfl  the  Haine  in  the  neighborhnod  tif  the  ancKlo,  ;i,  %» 
lho«c  in  the  neighborhood  of  the  kathode,  /)'.  Thus  let  G  and  }{  be  two 
I^HlvanuinetC'nt  an  c'>niii*<.'tud  with  the  two  ends  itf  l\\o.  nerve  as  to  obtain 
j;of.id  and  cl<mr  evidenfT  of  the  *'  current!  of  rc-t."  Refure  the  {Kdarixing 
current  if  thr»wn  into  the  nerve,  the  needle  tf  will  occupy  a  iK)siliun 
indicating  the  pHKSsge  of  d  current  of  a  curtiiin  iritHni»itv  fmni  A  bj  h\ 
thnnigh  the  K»lvan'''nieter  (from  the  pii-iitive  Inugitudinal  Burfaco  to  the 
ne^tive  cut  end  of  the  ner\'e},  the  circuit  beini!  ciMupleied  bv  a  current 
in  the  nerve  from  A'  to  A— i.  e.,  the  current  will  Row  in  the  (itn?clion  of 
the  arrow.  Similarly  the  needle  of  Q  will  hy  lis  doAeotion  indicate  the 
existence  of  a  current  fJowing  from  ^  to  ^^^  through  llio  gfilvanoruoter, 
and  from  (?'  to  g  through  the  nerve,  in  tho  direction  of  the  iirrnw. 

At  the  inatflnt  that  the  polnri/.ini*  current  w  thrown  intn  the  nerve  at 
»/i',  the  currents  at  ga\  hh*  will  suifcr  n  "  current  of  notion  "  correspond- 
ing it*  the  nervuuit  nnpulsiti,  which,  at  the  muUing  »f  the  pulurixing 
current,  pa.««i's  in  bcilb  iliiiH-tionx  along  the  n(r\i*,  uml  nmy  cause  a  con- 
traotion  of  the  altncbcd  muscle.  The  current  of  ticliou  is.  us  wo  have 
I,  of  extremely  »>hort  duration,  it  is  over  and  g<inu  in  n  Arniill  fruetion 

A  second.  It,  therefore,  must  not  Ix*  (.inifi:»unii»«i  with  a  permuuenl 
effect  which  in  the  case  wo  are  dealing  with,  ia  observed  in  both  galvano- 
meter*. Thife  effect,  which  i»  dcp*'ndont  on  the  direction  of  the  pohirizing 
current,  is  a*  follows:  Supposing;  that  the  pobiri^tng current  i*  flowing  in 
the  din^tion  of  iho  am>w  in  tho  figure,  that  «.  ptisse^  in  tho  hcn*e  from 
the  p«.ifiilive  electrode  or  anode,  p^  io  the  ncgulive  electrode  or  kathode,  ;/, 
it  is  found  that  the  c:irrent  tiirout;h  IIr*  galvanometer,  fr,  i^  incrcflsed, 
while  that  through  //  is  diminished.  Wc  may  explain  thi.s  result  by 
Haying  that  the  polarizing  current  has  caused  the  appearance  in  the  nervo 
ouuiiie  the  electrodes  of  a  new  current,  tho  •*  electrota«ic  "  current, 
having  the  same  direction  m  itself,  which  addit  to  or  takcji  away  fn^m  tho 
natural  nerve-current  or  »*  current  of  n»t  "  according  us  it  i«  flowing  in 
the  «ame  or  in  an  opposite  direction. 

The  strength  i>f  the  eloclrotonic  current  U  def»endent  on  the  strength 
ot  the  poUrixing  current,  and  on  the  length  of  the  intrapolar  region 
which  is  eipiwed  to  tho  polarizing  current.  When  a  strong  [.M>hu'ir.ing 
current  u  u»ed,  the  eV-ctromolivo  fr>ri'G  of  the  electrotonic  current  may 
be  much  greater  than  that  of  the  nnturul  nerve-current. 

The  strength  of  the  electrotonic  current  varies  wilh  the  irritability,  or 
vital  condition  of  the  nerve,  being  greater  with  the  more  irritable  nerve  ; 
and  ft  dead  nerve  will  not  manifo-st  electrotonic  currents.  Moreover,  tho 
propagation  of  the  current  is  sbtpped  by  a  ligHlnre,  or  by  crushing  tho 
nervo. 

\Ve  rnay  spenk  of  the  condithtn^  which  give  rise  to  this  electrotAinic 
current  a&  a  phyeicat  eluctroionui  nnalog^Mi)^  to  thai  physiotofficoi  electro- 
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lonits  which  is  rnftdo  knnwn  by  vnriniionit  in  irriUbilUy.  The  physTcil 
elect rottniiu  Lnirrent  is  piobsbly  duo  to  the  t^cape  of  t\ni  pflarixing  current 
Hloritc  the  Mer\-(!  under  Ibo  pecultitr  roiiditi>>n'«  of  ihe  liviinr  nerve;  hut 
wc  niu-tl  not  Httntiipt  t<i  f^ittrr  her<>  inUt  thi«  di-putod  and  difficult  subject, 
or  i(tt><>  th(f  allied  qucuiion  n*  U*  the  «xiicl  ooiineouon  botwe^n  Lbo  phyticnl 
Hnd  the  phyMtdo^Ji  h1  t.')<Ji*lri>t'>riuv,  ihoiigb  iburo  cmii  be  liltle  doubt  that 
the  lutLer  U  dependent  uu  ibo  former. 


Fio.  25. 


>^ 


r      ^     -    /» 


tt 

T>l'iaftA«   (U.r<»Tlt*Tl»(U  Kl.W-TW?T«'5itt:  Cl'KUDrm. 

p  til"  prilarizluc  iMtb'rv,  « Irh  k  in  k(>y.  f  thv  ari<nlo,  unJ  ji'  lh<<  kattimtf*  At  tli«  lutl 
thv  pltrv  of  iK<rv«  tlio  luUtiml  nirrvnt  flom  ilirctijcH  tU»  gmlvMOwcifff  O  Triym  t  Co  (^'i  In  Uw> 
ilJrxUon  t'f  ilic  am**"* ;  If  <llnThon,  tln'o-fftr*-,  »•  ih*>  «ini?  »  Uut  of  iJi»"  roUrtidiiK  ''nnvM ; 
(■•iikmiQi-lilly  il  appvan  tlK'rru^'il,  a»  inillcNlrol  (•/  tlio  ■4i:ii  •- '  lliv  riirrrul  nt  llw  <>lb«r  mtrl 
of  tlin  |ii«>-<>  iif  0)>rv«^  fhiiii  A  tn  A',  llipioirh  Um*  iral«tttiumi'lcT  /f,  Qtivn  in  ■  tvnlmr;  iUn<Uoii 
til  ttiD  fxilAri^liiK  curr«<nt ;  ii  oooMiunoll;  ■i>[«<an  fn  tie  dlmlnMnil,  v  iiiillr«i*<«l  by  tiw 

N.  B. — Fur  •IwiiUcltT"* fcki',  iho  pi»UrlTiiiir  nimni  tVlturf  •ti|ipi««l  i.-  !■•  iiimwB  in  nt  Ihe 
ml-hllri  iif  M  filMtt  t«f  tivrvtf,  mill  Itw  pit«KUaniWur  |)liu.-t*tl  nt  (lis  two  vw\a.  <  >/  ttjurv,  tt  m  III  In 
uiitkT>l<H«l  ttmt  titr  fomiiT  niuy  hfi  tlirunti  In  uijrwtiRm,  awl  tlie  IkttMr  aioowtnl  with  anj 
tvtv  \min  of  {atlulip  w)il'-li_«  U)  fl^H  nirrunu. 

An  induction-shook  \b  ti  ciirtx*nt  of  very  ahurt  titir&Uoii,  de- 
veloped very  suddenly  and  disapiteariog  more  gradually.    Hence, 
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when  it  falb  into  a  oerve,  the  nerve  undergoes  sudden  traneiliou 
from  its  normal  conditiun  to  the  kat^^leclrotonic  phusc,  and,  con- 
sequently, a  nervous  impulse  giving  rise  to  a  coutractiou  is  the 
result  The  return  from  the  anelectrulonic  phase  to  thi'  normal 
condition  appears,  from  a  number  of  cousiderfttions,  to  be  less 
effective  as  a  generatorof  nervous  impulses  than  the  change  from 
the  normal  condition  to  the  katelectroionic  phase.  Hence  in  the 
induced  current  we  have  to  deal  with  a  "making"  contraction 
only,  the  breaking  contraction  beingabsent.  This  is  true  whether 
the  induced  current  be  generated  by  the  making  or  by  the  break- 
ing of  a  constant  current. 

The  constant  current  applied  ilirectly  to  n  muscle  from  which 
the  purely  nervous  element  has  been  eliminated  by  uniri  poisim- 
ing.  has  effects  similar  U)  and  yet  somewhat  difl'erenl  from  those 
which  it  has  upon  a  nerve.  The  efficacy  of  the  rise  of  katelec- 
trotoous  and  the  fall  of  anelectrotonos  respectively  in  producing 
contraction  is  the  same  as  in  a  nerve.  In  one  respect  the  muscle 
is  more  striking,  and  oflcra  a  support  of  the  hypothesis  mentioned 
above.  The  making  contraction  may,  under  favorable  circum- 
stances, be  seen  to  start  from  the  katho<le,  and  the  breaking 
contraction  from  the  anode.  Besides  the  make  and  break  spasm, 
a  partial  tetanus  during  the  whole  time  of  the  passage  of  the  cur- 
rent through  a  muscle  is  very  (tften  seen.  Another  marked 
difference  between  muscle  and  nerve,  is  that  in  muscle  the  current 
must  act  for  a  much  longer  time  upon  the  tissue  before  it  can 
call  forth  a  contraction.  This  is  what  we  might  expect  from  the 
more  sluggish  nature  of  the  muscular  imj)ulse-wnve.  Hence, 
muscular  tissue  which  has  lost  its  nervmis  elements,  or  does  not 
poaseas  them,  is  far  less  readily  affected  by  the  almost  momentary 
induction-shocks  than  are  nerves. 


Sec.  4. — The  Muscle-i^erve  pRKPARATioy  as  a  Machixe. 


The  facts  described  in  the  foregoing  sections  show  that  a  muscle 
with  its  nerve  may  be  justly  regarded  as  a  machine  which,  when 
stimulated,  will  ilo  a  certain  amount  of  work.  B;it  the  actual 
amount  of  work  which  a  muscle-nerve  preparation  will  do  is 
found  to  depend  on  n  large  number  of  circumstances,  and  conse- 
quently to  vary  within  very  wide  limits.  These  variations  will 
be  largely  determined  by  the  condition  of  the  muscle  and  nerve 
in  respect  to  their  nutrition  ;  in  other  words,  by  the  degree  of 
irritability  manifested  by  the  muscle  or  by  the  nerve,  or  by  both. 
But,  quite  apart  from  the  general  iuttueuces  affecting  its  nutri- 
tion, and  thus  its  irritability,  a  muscle-nerve  preparation  is 
affected  as  regards  the  amount  of  its  work  by  a  variety  of  other 
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circumstaaces,  which  we  may  briefly  consider  here,  re*erring  to 
a  succeeding  section  the  study  of  variations  in  irritability. 

The  nature  and  vwde  of  aj)pliration  of  the  gUmulns  ag  affecting 
the  amount  and  character  of  the  contraction. 

We  have  aeeiv  that  a  nervous  impulse  is  a  molecular  disturb- 
aucc  travelling  along  the  nerve  in  the  forra  of  a  wave.  We  saw, 
further,  that  the  velnciiy  with  which  this  wave  travels  is  in  the 
fro}j^  about  2<S  metres  per  second,  and  in  the  mammal  somewhat 
higher;  but  that  it  varies  acctirdiug  to  circumstances,  being 
especially  dependent  on  temperature.  The  wavelength — that  is. 
the  total  length  of  nerve  along  which  the  disturbance  is  ut  any 
one  instant  taking  place,  from  the  point  nearer  the  muscle  which 
the  disturbance  has  just  reached,  to  the  point  further  from  the 
muscle  which  the  disturbance  has  just  left,  may,  we  have  seen, 
he  put  down  (in  the  frog)  as  18  mm.;  but  ])o^ibly  thia,  too,  varies 
somewhat.  The  greatest  and  most  important  variations,  how- 
ever, are  those  of  the  energy  of  the  nervous  impulse,  of  the 
amount  of  disturbance  which  takes  place  in  the  nerve  or  in  the 
nerve-fibre  as  the  wave  of  the  nervous  impulse  passes  over  it; 
this  we  might  de^^ignate  irn  the  height  of  the  wave.  Thus,  a  weak 
stimulus  gives  rise  to  a  small  disturbance^ — ^ihat  ie,  a  weak  nerv- 
ous impulse  ;  and  a  strong  stimulus  gives  rise  to  a  large  disturb- 
ance—that is,  a  powerful  nervous  impulse. 

We  are  not  in  a  position  at  present  to  speak  definitely  as  to 
the  <iccurrcnce  of  other  diflerence^  in  the  characters  of  nervous 
impulses.  As  far  as  we  know  at  present,  nervous  impulses,  what- 
ever their  origin,  are  alike  in  nature;'  the  imjiuUes  geueratedi 
in  a  natural  way,  by  the  brain  or  spinal  c-ird,  or  pHwIuced  arti- 
ficially by  niechauicul  stirjiuli,  as  by  culling  or  pinching,  or  by 
thermal  stimuli,  as  by  touching  the  nerve  with  a  red-hot  wire,  or 
by  chemical  stimuli,  or  by  electrical  stimuli,  may  differ  in  inten- 
sity, and  in  the  rajiidiLy  with  which  ihey  succeed  each  other,  but, 
as  fsr  as  we  know  at  present,  not  otherwise.  Thus,  a  drop  of 
acid  placed  on  a  nerve  gives  rise  to  tehtuus  in  the  muscle,  wliich 
ditTrrs'  from  the  letauus  produced  by  repealed  induction-shocks 
applied  to  the  nerve,  only  so  far  as  the  tetanus  is  generally 
irregular,  the  individual  nervous  impulses  generaicsl  by  the  acid 
forming  an  irregular  series,  not  fullowing  each  other  at  etjual 
intervaii?,  and  not  being  all  of  the  same  intensity,  whereas  the 
impulses  generated  by  the  "interrupted  current"  are  generally 

>  t(  will  bo  obherred.  tlut  w«  %r9  Fpcatiing  non  pxcltiBUrl^  of  th«  oerro  of  » 
mnri'Ip-Qorvo  prrpnritlinn — i.  ••..  of  wlmt  wa  #halt  ber«after  t«rtti  a  tuotor  t)«*rr«. 
Wl.eilier  oonAurjr  iuipulaea  UUTer  essetiUalljr  from  motor  [mputiei  vlU  b«  oan- 
tiilDroJ  Utor  on. 
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'  the  same  intensity,  auJ  follow  each  other  at  eijual  intervals. 

»,  also,  we  are  led  at  present  to  believe  that  when  muaclea  are 
thrown  into  action  iu  a  natural  way  in  the  living  body  by  the 
agency  of  the  spinal  cord,  what  goes  on  iu  the  nerve  differs  from 
what  goes  on  in  the  game  nerve  when  the  interrupted  current  is 
brought  to  hear  on  ii,  only  in  so  far  as  in  the  former  case  the 
impulses  f-tllosv  each  other  at  a  fixed  rate  (nineteen  a  second^, 
whereas  in  the  latter,  the  rate  of  repetition  varies  according  to 
the  rapidity  with  which  in  the  induction-machine  the  shocks 
follow  each  other;  the  individual  impulses,  as  far  as  we  know  at 
present,  have  the  same  characters  in  the  two  cases,  save  only  that 
they  may  differ  iu  inteuaity. 

Supfjosing  that  the  irritability  of  a  nerve-muscle  preparation 
remains  for  the  period  of  the  experiment  fairly  constant,  care 
being  taken  to  avoid  the  etTeets  of  exhaustion,  and  that  the 
stimulus  be  applied  to  the  same  part  of  the  nerve,  we  find  that 
the  intensity  of  the  nervous  impulse  generated  (as  measuretl  by 
the  muscuhir  contraction)  varied  up  to  a  certain  limit,  accitrding 
to  what  we  may  call  the  strength  of  the  stimulus.  Thus,  taking 
a  single  induction-shock  as  the  most  manngcablo  stimulus,  we 
find  that  if,  before  we  begin,  we  slide  the  secondary  coil  (Fig. 
11,  8C.)  a  certain  distance  fnm  the  primary  coil^r.  c,  no  vibible 
effect  at  all  follows  ujwn  the  discharge  of  the  induction-shocks. 
The  passage  of  the  momentary  weak  current  is  either  unable  to 
produce  any  nervous  impulse  at  all,  or  the  weak  nervous  impulse 
to  which  it  gives  rise  is  unable  to  stir  the  sluggish  muscular  sub- 
Atanco  to  a  visible  coutraction.  As  we  elide  the  8econ<lary  coil 
towards  the  primary,  sending  iu  an  induction-shock  ut  each  new 
[wwition,  we  find  that  at  a  certain  distance  between  the  secondary 
and  primary  coilf",  the  muscle  responds  to  each  induction-shock^ 
with  a  contraction  which  makes  itself  visible  by  the  slightest 
possible  rise  of  the  attached  lever.  This  position  of  the  coils,  the 
battery  remaining  the  same  and  other  things  being  equal,  marks 
the  minimal  stimulus  giving  rise  to  the  minimal  contraction.  Aa 
the  secondary  coil  is  brought  nearer  to  the  primary,  the  con- 
iractioua  increase  in  height  corresponding  to  the  increase  iu  the 
intensity  of  the  stimulus.  Very  soon,  however,  an  increase  in 
the  stimulus  caused  by  continuing  to  slide  the  secondary  coil  over 
the  primary  fails  to  cause  ony  increase  in  the  contraction.  This 
indicates  that  the  marimai  stimulus  giving  rise  to  the  maximal 
contraction  has  been  reached  ;  though  the  shocks  increase  in 
intensity  as  the  secondary  coii  is  pushed  further  and  further  over 
the  primary,  the  contractions  remain  of  the  same  height,  until 

'  In  tliMo  exfforitncnts  eUhar  tbo  broakiag  or  mnklDg  ihoalt  must  b«  oisd,  nc»l 
•oroetimu  ana  lujtl  ftouieliiue«  tbo  oibcr,  for  tha  iwo  kiodi  of  thook  di0«r  in 
•ffivUocy,  tbo  breaking  b«tDg  tbo  luutt  jiuleat. 
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iutigue  lowers  them.  Sometimes,  however,  after  the  coatracti< 
have  for  suiiie  lime  remained  of  the  same  height^  in  spite  of  tfafi 
stimulus,  at  each  fresh  stimulation,  being  mcreased  in  strength, 
a  point  is  reached  at  which,  with  a  further  increase  in  the  strength 
of  the  stimulus,  a  new  increase  of  cimtraction  sets  in ;  but  we  must 
not  attempt  tu  explain  here  this  paradoxical  super-maximal  con- 
tractiun,  a.s  it  is  railed. 

With  siugle  induction-shocks  then  the  muscular  contraction — 
and,  by  interence,  the  nervous  impulse — iaureaaea  with  an  in- 
crease in  the  intensity  of  the  stimulus,  between  the  limits  of  the 
minimal  and  maxinnil  stimuli;  and  this  depeudeuee  of  the 
nervous  im[)ulse,  and  si»  of  the  contraction,  on  the  strength  of  the 
stimulus,  may  be  observed  not  only  in  electric,  but  in  all  kinds 
of  stimuli. 

It  may  here  be  remarked,  that  in  order  for  a  stimulus  to  be 
elective,  a  certain  abruptness  in  its  action  is  necessary.  Thus, 
we  have  seen  that  the  constant  current,  when  it  is  passing  through 
a  nerve  with  uniform  intensity,  does  not  give  rise  to  a  nervous 
impulse,  and  that  it  may  be  increased  or  diminished  to  almost 
any  extent  without  generating  nervous  impulses,  provided  that 
the  change  be  made  gradually  enough  ;  it  is  only  when  there  is 
a  sudden  change  that  the  current  becomes  cHeclive  as  a  stimulus. 
Tlie  currtut  whicli  is  induced  in  the  secondary  coil  of  an  induc- 
tion-machine, at  the  breaking  of  the  primary  circuit,  is  more 
rapidly  developed,  and  has  a  8t<?eper  rise  than  the  current  which 
appears  when  the  primary  circuit  is  made;  and,  accordingly,  we 
find  that  the  breaking  induction-shock  is  more  potent  as  a  stimulus 
than  the  making  slioek.  Similarly,  a  sharp  tap  on  a  nerve  will 
produce  a  contraction,  when  a  gradually  increasing  pressure  will 
fail  to  do  80 ;  and,  in  general,  the  efficiency  of  a  stimulus  of  any 
kind  will  depL'nd  in  part  on  the  Buddenut^as  or  abruptness  of  its 
action. 

A  stimulus,  in  order  that  it  may  be  efiectivef  must  have  an 
action  of  a  certain  duration,  the  time  necessary  to  produce  an 
effect  varying  according  to  its  strength,  and  being  ditlerent  in 
nerve  from  what  it  is  in  muscle.  It  would  appear  that  an  electric 
current  applied  to  a  nerve  muat  have  a  duration  of  at  least  about 
0.0015  Seconal  to  cause  auv  coutracliou  at  all,  and  ne^ds  longer 
than  this  to  produce  its  full  elTcct.  When  the  current  is  applied 
directly  tu  a  nuiscle.  whose  nervous  elements  are  placed  hora  de 
combat  by  the  action  of  urari,  or  by  degeneration  of  the  nerve- 
fibres,  this  period  uf  necessary  duration  seems  to  be  still  longer, 
and  to  he  especially  increased  by  deficient  nutrition.  And  this 
may  be  offered  as  an  explanation  of  the  well-known  clinical  fact 
that  in  various  caaea  of  paralysis,  muscles  which  have,  by  degen- 
eratiuu  of  their  nerves,  lost  their  nervoua  supply,  more  readily 
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pond  to  the  break  and  make  of  ihe  oonstant  current  than  to 
iiiduetiou-i^tuH-ka,  tho  dtiraliou  of  the  former  at*  gtiiiiuH  being 
much  greater  than  tiial  of  the*  latter. 

In  the  cflseofelt'clricstituuli,  the  strength  of  the  contraction — 
and,  by  inference,  of  the  nervous  impulse — depends  on  the  manner 
in  which  the  current  Hows  Into  the  nerve.  Thoujch  the  matter 
ha«  been  ilisputed,  it  ap^iearn  tliat  the  current  must  pass  along 
some  apprcciabh^  length  uf  nerve-tibre  in  order  to  produw  an 
effect ;  a  current  which  passes  thmugh  a  nerve  in  an  absnlutely 
transverse  direction  btiufr  pnwerlctja  to  generate  impulses;  and, 
further,  (here  is  a  connecii'in  between  the  efficifucy  of  the  current 
and  the  an>rle  at  which  it  falls  into  the  nerve. 

It  wituld  alsM  appear — at  all  eventit  up  to  certain  limits,  and 
as  a  general  ruli; — that  the  longer  the  piece  of  nerve  through 
which  the  current  pusi«es»  the  greater  is  tiio  e ftect  of  the  stimulus. 

When  two  pairs  of  electrodes  are  placed  on  (he  nerve  of  a  long 
and  perfectly  fresh  and  successful  nerve-preparation,  one  near  to 
the  cut  end,  and  llie  other  nearer  the  muscle,  it  is  found  that  the 
%ame  stimulus  produces  a  greater  contraction  when  applied 
through  tlie  former  pair  of  electrodes  than  through  the  latter. 
Two  interpretations  of  this  result  are  pos&ible.  Eitlier  the  nerve 
at  the  part  further  away  from  the  muscle  is  more  irritable — i.  c, 
that  the  stimulus  gives  rise  at  the  spot  Mimuf'itr:d  to  a  larger 
nervoua  impulse ;  or  the  impulse  started  at  the-  further  eleclrtHlcs 
gathers  strength,  like  an  avalanche,  in  its  pro^rress  to  the  nuiscle. 
The  latter  view  has  been  strongly  urged  by  Plliigcr,  and  is  gener- 
ally known  under  the  name  of  the  *' avalanche  theory."  Against 
it  may  be  urged  that,  as  far  ns  we  know,  the  propress  of  the  cur- 
rent of  action  along  a  nerve  is  marked  by  no  sucli  increase.  It 
is  probable,  ihiit  the  larger  contraction  produced  by  stimulation 
of  the  portions  of  the  nerve  near  the  spinal  cord  is  due  to  the 
stimulus  setting  free  a  larger  impulse — i.  r,  to  this  part  itf  the 
nerve  being  more  irritable.  It  is  possible  that  the  irritability  of 
a  nerve  may  vary  considerably  at  different  points  of  its  course. 

We  have  in  u  preceding  section  discussed  at  length  the  man- 
ner in  which  a  stimulus  repeated  sufficiently  rapidly  produces  a 
complete  and  uniform  tetanus,  during  which  the  constituent 
single  contractions  cannot  be  recognized  either  by  the  appearance 
of  the  mu.scle  itself  or  by  any  features  in  the  curve  which  it  may 
bo  made  to  descril)e,  though  the  'muscular  sound"  shows  that 
the  muscle  is  really  in  u  stale  of  vibration.  If  the  frequency  of 
the  stimulus  be  reduced,  the  tetanus  becomes  incomplete,  and  a 
flickering  of  the  muscle  becomes  obvious;  and  upon  further  re- 
duetion  of  the  frequency ,-thc  flickering  gives  place  to  a  rhythmic 
series  of  single  contractions.  Since  the  height  to  which  the  lever 
ia  raised — t.e.rthe  amount  of  total  shortening  resulting  from  any 
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second  coutraction — i»  greater  when  that  contraction  etarts  from 
the  Bumrait  of  the  preceding  curve  than  when  it  8t4irt8  from  the 
decline,  it  is  obvious  that  the  amount  of  total  contraction  will,  up 
to  a  certain  limit,  increase  with  the  frequency  of  repetition  of  the 
stimulus.  Thus  a  stimulus  repeated  rapidly  will  produce  a  teta- 
nus, shortening  the  muscle  and  raising  the  weight  to  a  greater 
extent  than  will  the  same  stimulus  less  rapidly  repeated.  The 
exact  frequency  of  repetition  require<i  to  pfoduce  complete  teta- 
nus varies  according  to  the  condition  of  the  muscle,  and  ia  not 
the  same  for  all  muscles,  being  dependent  on  the  rapidity  with 
which  the  muscle  executes  each  single  contraction.  In  those 
animals  which  possess  two  kinds  of  skeletal  muscles,  red  and  pale, 
the  red  muscles  (the  single  contractions  of  which  are  slow  and 
long-drawn)  are  thrown  into  complete  tetanus  with  a  repetition 
of  much  less  frequency  than  that  required  for  the  pale  muscles. 
Thus,  ten  stimuli  in  a  second  are  quite  sufficient  U^  throw  the  red 
muscles  of  the  rabbit  into  complete  tetanus,  while  the  pale  mus- 
cles require  at  least  twenty  stimuli  in  a  second. 

When  the  stimulus  is  repeated  more  frequently  than  is  re- 
quired to  bring  about  a  complete  tetanus,  the  constituent  con- 
tractions are  still  proportionately  increased  in  frequency.  This 
is  shown  by  the  increased  pitch  of  the  muscular  sound.  Flow 
far  the  increase  in  the  frequency  of  the  constituent  contractions 
can  be  carried  by  increasing  the  frequency  <»f  the  stimulus,  is  m 
(juestiou  which  presents  considerable  difficulties,  and  cannot  be 
discussed  here. 

The  value  of  the  mxi^cle  as  a  machine  w  alw  in  pari  dependent 
on  the  load.  It  might  be  imagined  that  a  muscle,  which,  when 
loaded  with  a  given  weight,  and  stimulated  by  a  current  of  a  given 
intensity,  had  contracted  to  a  certain  extent,  would  only  contract 
to  half  that  extent  when  loade<l  with  twice  the  weight  and  stimu- 
lated with  the  same  stimulus.  Such,  however,  is  not  the  case ;  the 
height  to  which  the  weight  is  raise^l  may  be  in  the  second  instance 
as  great,  or  even  greater,  than  in  the  first.  That  is  to  say,  the 
resistance  offered  to  the  contraction  actually  augments  the  con- 
traction, the  tensiiin  of  the  muscular  fibre  increases  the  facility 
with  which  the  explrwive  changes  resulting  in  a  e»inlraetion  take 
place.  And  it  has  been  observed  by  Heidenhain  that  the  degree 
of  acid  reaction,  the  amount  of  carbonic  acid  given  oflf,  and  the 
rise  of  temperature  are  greater  in  a  muscle  contracting  against 
resistance  than  when  the  resistance  is  removed;  that  is  to  say, 
the  tension  increa.ses  the  metabtdism.  There  is,  of  course,  a 
limit  to  this  favurable  action  of  the  resistance.  As  the  load  con- 
tinues to  be  increased,  the  height  of  the  cr>ntraction  is  diminished, 
and  at  last  a  point  is  reached  at  which  the  muscle  is  unahlc  (even 


I 

I 

■ 
I 


TUK    MC3GL£-N£RVE    MACHINE 


119 


when  the  etiuiulus  clitisen  is  the  stroDgest  possible)  to  \\i\  the  luad 
at  all. 

In  a  muecle  viewed  as  a  Diachioe,  ^e  have  to  deal  not  merely 
with  the  height  of  the  contraction — that  is,  with  the  ainouul  of 
shortening,  but  with  the  work  dooe.  And  this  is  mc'u»ured  ns 
the  height  to  which  the  li»a<l  is  raised  multiplied  into  the  weight 
of  the  load.  Hence  it  is  obvious  from  the  foregoing  obeervatious 
that  the  work  done  must  be  largely  dependent  on  the  weight 
itself.  Thus  there  is  a  certain  weight  of  load  with  which  in  any 
given  muscle,  stimulated  by  a  given  stimulu?,  the  moat  work  will 
be  done. 

Since  mere  tension  affects  the  changes  going  on  in  the  mugculnr  flbrea, 
it  is  desirable  in  exporiruonte  in  which  niiJsclo»  aro  loaded  (Imttlii;  wcii^ht 
.^hnukl  not  hear  upon  Iho  If-vcr  until  the  contructinn  iiftuHUy  hoj^ins*. 
This  ia  oafiily  mnnuged  by  inierjxjMng  between  the  end  of  the  musolc  und 
the  weight  a  lover  with  ii  support  ^o  armn^ed  thiit,  l>efor*;  contrnction 
tAke«  plnce,  the  weight  nuly  exteiuU  the  nut'-rb!  to  the  length  imturHl  to 
it  during  re^t;  but  thHt  ihe  mufk*lu  directly  it  shortens  ut  unce  begins  to 
pull  on  ihe  weight.     The  muscle  is  then  said  to  be  after-loaded.* 

The  value  of  a  viuaclt  ai  a  machine  U  further  determined  hy  ihe 
size  and  form  of  the  tnwfch.  Since  all  known  muscular  iibres  are 
much  shorter  than  the  wavelengthof  a  contraction,  it  is  obvious 
that  the  longer  the  fibre,  the  greater  the  height  of  the  contraction 
with  the  same  BtimuluH.  Hence  in  a  muBcle  of  parallel  fibres,  the 
height  to  which  the  load  is  raided  as  the  result  of  a  given  stimulus 
applied  to  ita  nerve,  will  depend  on  the  length  of  the  fibres,  while 
the  maximum  weight  of  load  capable  of  being  liAed  will  depend, 
on  the  number  of  the  fibres,  since  the  loud  iu  distributed  among' 
them.  Of  two  muscles  thei-eibre  of  equal  length  (and  of  the  same 
(quality  ),  the  niogl  wurk  will  be  done  by  that  which  has  the  greater 
sectional  area  ;  and  of  two  muscles  with  equal  Bectional  areas, 
the  most  work  will  be  done  by  that  which  is  the  longer.  If 
the  two  muscles  are  unecjual  both  in  length  and  sectional  area, 
the  work  iloue  will  be  the  greater  in  the  one  which  has  the 
larger  bulk,  which  contains  the  greater  number  of  cubic  units. 
In  Bpeakiug,  therefore,  of  the  work  which  can  he  done  by  a 
muscle,  we  may  use  as  a  standard  a  cubic  unit  of  bulk,  or,  the 
6|>ecific  gravity  of  the  muscle  being  the  same,  a  unit  of  weight. 

Absolute  power  of  a  mtiscie.     We  have  seen  that  with  a  given 
weight  a  stimulus  (induction-shuck)  nmy  be  choseu  of  such  ft. 
strength  that  a  coutraclinn  is  only  Just  visible.     In  such  a  case  ai 
very  slight  increase  of   the  weight  would   prevent  even   that 
minimal  contraction.     Upon  increii:^ing  the  stimulus  the  mini- 
mal contraction  would  reappear  and  vanish  again  upon  a  further 

I  Tbis  U  pertaapi  ibo  bft«t  equivftlent  of  the  Gemitn  Ift'trtaHtL 
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iucreuse  of  thu  weight.  lucreaeing  the  sLimuUis  and  weight  in 
this  way  we  shruild  he  able  to  find  out  the  weight  which,  with  a 
maximal  stiniulatioD,  is  just  sufficient  to  prevent  any  visible 
contraction  from  taking  place,  a  very  slight  diminution  of  weight 
at  once  allowing  a  minimum  contraction  to  make  its  appearance. 
Such  a  weight  ia  taken  as  a  measure  of  what  is  called  the 
"absolute  power''  of  the  muscle;  and  from  what  has  been  said 
in  the  previous  paragraph,  it  is  obvious  that  this  will  depend  on 
the  number  of  fibres  in,  or  more  correctly,  on  the  sectional  area 
of,  the  muscle.  The  absolute  power  of  a  square  ctntinietre  of  a 
frog*s  muscle  has  been  iu  this  way  estimated  at  about  2800  to 
3000  u^rms. ;  of  a  square  centimetre  of  human  muscle  at  6000 
to  JSOOO. 

It  may  be  worth  while  to  mention  in  ihis  connection  the  fol- 
lowing interesting  fact. 

If  tho  weight  be  determined  which  will  stop  a  contraction 
when  applied  directly  the  contraction  begins,  and  also  that 
which  stops  any  further  contraction  when  applied  at  a  moment 
when  the  contraction  ia  already  partly  nccompli8he<l,  it  will  be 
found  that  the  second  weight  is  much  ie&s  than  the  first.  It 
appears,  in  fact,  that  the  i'orces  which  cause  the  change  in  the 
form  of  the  muacle  are  at  their  maximum  at  the  beginning  of 
Llie  i<horLening,  and  thencefurwards  decline  until  they  become 
nothing  when  the  shortening  ia  complete. 

The  tcork  done.  We  learn  then  from  the  foregoing  paragraphs 
that  the  work  done — (.  c,  the  weight  of  the  load  multiplied 
iulo  the  height  of  the  lift,  will  depend,  not  only  on  the  activity 
of  the  nerve  and  muscle  a-s  determined  by  thrir  own  irritability, 
but  also  ou  the  character  and  mode  of  application  of  the  stimu- 
his,  on  the  kind  of  contraction  (whether  a  single  spasm,  or  a 
slowly  repeated  tetanus  or  a  rapidly  repeate<i  tetanus),  on  the 
load  itself,  and  on  the  size  and  form  of  the  muscle.  Taking  the 
most  favorable  circumstances,  viz.,  a  well-nouri.shed,  lively  prepa- 
ration, II  maximum  stimulus  cuul^ing  a  rapid  tetanus  nud  an 
appropriate  load,  wo  may  determine  the  maximum  work  done 
by  a  given  weight,  say  one  gramme,  i>f  muscle.  This,  in  the 
case  of  the  muscles  of  the  frog  has  been  estimated  at  about  four 
grammetres  fur  one  gramme  of  muscle. 
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Sec.  6. — The  CiRcrMffrANCi»  which  Determine  the  Degree 
OF  Irritability  op  Mubcleb  and  Nekvi^^. 


A  muscle-nerve  preparation,  at  the  time  that  it  is  removed 
from  the  body,  possesses  a  certain  degree  of  irritability,  it  re- 
sponds by  a  coutraettoD  of  a  certain  amount  to  a  stimulus  of  a 
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certain  streuj^tli,  applied  to  the  nerve  or  to  the  muscle.  After  a 
while,  the  exact  period  depending  on  a  variety  of  circumstances, 
the  8unie  ^tinmlua  produces  a  sniuller  contracliou — i,  e.,  the  irri- 
tability of  the  preparation  has  diminished.  In  other  words,  the 
muscle  or  nerve  or  both  have  become  partially  "  exhausted  ;" 
and  the  exhaustion  subsequentiy  increases,  the  Bnme  Btimulus 
producing;  smaller  contractions  until  at  last  all  irritability  is 
lost,  no  stimulus  however  strong  producing  auy  contructiou 
whether  applied  to  the  nerve  or  directly  to  the  muscle;  and 
eventually  the  muscle,  as  we  have  seen,  becomes  rij^id.  The 
progress  (»f  this  exhaustion  is  more  rapitl  in  the  nerves  than  in 
the  muscles,  for  sttnje  lime  after  the  nerve-trunk  has  censt^tl  to 
respond  to  even  the  strongest  stinudus,  contractions  may  be 
obtained  by  applying  the  stimulus  directly  to  the  nmscle.  It 
is  much  more  rapid  in  warm-blooded  ttian  in  Cidd  bliHxIed 
animals.  The  muscles  and  nerves  of  the  former  h«e  their  irri- 
tability, when  removed  from  the  boily,  after  a  period  varying 
according  to  circumsiances  from  a  few  minutes  to  two  or  three 
hours;  thitse  of  cold-blooded  animiiU  (or  at  least  of  an  am- 
phibian or  a  reptile)  may,  under  favorable  conditionn,  remain 
irritable  for  two,  three,  or  even  more  days.  The  duration  of 
irritability  in  warm-blooded  animals  may,  however,  l>e  consid- 
erably prolonged  by  reducing  the  lempcraiure  of  the  botly  before 
death. 


If,  with  »omo  thin  h«xly,  a  ^harp  blow  ho  struck  ncross  n  mn»ple  which 
hiiS'^ntHrwi  into  Iho  l«ior  .-iHtje- o(  Mxhausiion,  r  w(i«hI  lii*iiiit:  r<trsyv«nd 
Keotinii*  i»  dHVclnpol.  Thw  wlicul  »i|'|Vtt**  to  l>o  h  cinlmt'tiun-wavo 
hmiKNi  III  ihfi  pHri  Hiruck,  iin<i  liUiippejti  irii;  vi'ry  slowly,  wilIiuui  exlend- 
inic  H  the  nHiglib'jnn*!  mii-'C'iiur  sub-oitnc^.  U  hn-  ht'fjn  cuhed  Hn 
"  idiit-miiM'iiliir  "  ciiirmii-'n,  bernn^o  it  imiv  lp«  hr'n^hi  oil  even  when 
onlwrnfy  -litntili  b»vi«  ct4>«<e<t  l<>  pn»iliire  unv  (•tTeel.  It  iitity,  h-»wevHr,  he 
ft<H!MinpH'oed  iLt  it<  bt'i;ntuoi<;  by  Hn'ordomry  L'>>iit''nc'li<*n.  ll  i*  reudtty 
prttdiK'HtJ  Ml  tliC  livint;  IjimJv  oii  lUn  |ii*cl)'riil  Hitd  i>tlier  muiicle«  orptiratius 
sulR-ririg  fruiii  phtlii»ifi  utid  oUicr  uxliiiuKtiti}^  iliftCHACS. 

This  natural  exhaustion  and  diminution  of  irritability  in  mus- 
cles and  nerves  removed  from  the  body,  may  be  mtMlified  b..th 
in  tiie  ease  of  the  muscle  and  of  the  nerve,  by  a  variety  of  eir- 
cunistances.  Similarly,  while  the  nerve  and  muticje  still  remain 
in  the  botly,  the  irritability  of  the  one  or  of  the  other  may  be 
modified  either  in  the  vtny  of  increase  or  of  decrease  by  various 
event;*.  We  have  already  seen  ([».  109)  how  the  constant  current 
jtriHluces  the  vurialionn  in  irriuibdity  known  lu^  kaleleetrniouue 
and  anelecrrotonus.  We  have  nnw  to  study  the  ellect  of  nutre 
general  inlliieuces,  of  which  the  mo^t  iit)[x>rtaut  are,  severance 
from  the  central  nervous  system,  and  variations  in  tem[>eruture, 
in  blood-supply,  and  iu  functional  activity. 
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The  Effecte  oj  Severance  from  the  Central  Nervous  System. 

When  a  nerve — such,  for  instance,  as  the  sciatic — is  divided 
in  situ  in  the  living  body,  there  is  first  of  all  oU^ervcd  a  slight 
increase  uf  irritability,  noticeable  especially  near  the  cut  end; 
but  afler  a  while  the  irritability  diininislies,  and  gradually  dis- 
appears. Both  the  slight  initial  increase  and  the  eubsequeot 
decrease  begin  at  the  cut  end  and  advance  ceutrifugally  towards 
the  peripheral  terminations.  This  centrifugal  feature  of  the  loss 
of  irritiibility  is  often  spoken  of  as  the  lUtter-Valli  law.  Id  a 
mammal  it  may  be  two  or  three  days,  in  a  frog,  as  many,  or  even 
more,  weeks,  before  irritability  has  disappeared  from  the  nerve- 
tiunk.  It  is  maintained  in  the  small  (and  especially  in  the 
intramuscular)  branches  for  still  longer  periods. 

This  centrifugal  loss  of  irritability  is  the  forerunner  iu  the 
peripheral  portion  of  the  divided  nerve  of  structural  changes 
which  proceed  in  a  similar  centrifugal  manner.  The  medulla 
suffers  changes  similar  to  those  seen  in  nerve-tibres  after  removal 
from  the  body.  Its  double  contour  and  its  characteristic  indenta- 
tions become  more  marked*  it  breaks  un  into  small  irregular 
fragments,  or  drops,  a  separation  apparently  taking  place  between 
its  proteid  and  its  latty  constituents.  The  latter  are  soon  ab- 
sorbed, but  the  former  remain  for  a  longer  time  within  the  sheath 
of  Schwann,  being  in  some  cases  scarcely,  if  at  all,  to  be  distin- 
guished from  the  swollen  axis-cyliuder.  Meanwhile  the  nuclei 
which  occur,  one  in  each  segment  of  the  nerve  between  each  two 
nodes  of  Ranvier,  divide  and  muUiply  rapidly.  Lastly  the  axia* 
cylinder  breaks  up  and  disappears,  so  that  nothing  remains  of  the 
original  fibre  but  the  sheath  of  Schwann  enclosing  a  proteid  mass 
with  many  nuclei.  If  no  regeneration  takes  place,  these  nuclei 
eventually  disappear. 

In  the  central  portion  o{  the  divided  nerve,  similar  changes 
may  be  traced  as  far  only  as  the  next  mxie  of  Ranvier.  Beyond 
this,  the  nerve  usually  remains  in  a  normal  condition. 

Regeneration,  when  it  occurs,  is  apparently  carried  out  by  the 
peripheral  growth  of  the  axis-cylinders  of  the  intact  central  por- 
tion. When  the  cut  ends  of  the  nerve  are  close  together,  the 
axis-cylinders  growing  out  from  the  central  p<irtion  run  into  and 
between  the  sheaths  of  Schwann  of  the  peripheral  portion;  but 
much  uncertainty  still  exists  as  to  the  exact  parts  which  the 
proliferated  nuclei  referred  to  above,  the  proteid  remnants  of  the 
medulla,  and  the  old  axis-cylinders  of  the  peripheral  portion, 
respectively,  play  iu  giving  rise  to  the  new  structures  of  the 
regent  rated  fibre. 

This  degeneration  may  be  observed  to  extend  down  to  the  very 
endings  of  the  nerve  in  the  muscle,  including  the  end-plates,  but 
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[oea  not  at  first  affect  the  muscular  substance  itself.    The  muscle, 
though  it  had  lost  all  ita  Dervous  eleiiiuutji,  still  remains  irritable 
[towurris  stimuli  applieii  directly  to  itself:  an  adtlitional  proof  of 
le  exidt«nce  of  au  iuJependeut  mudculur  irritability. 

For  9om«  time  the  irritahilily  uf  the  muscle,  as  well  townrda  stitnuli 
ipplied  (iirucLly  tu  iUelf  hb  UiwHrds  l\un*3  applied  llirout;h  the  im|>»irc<l 
lerve,  ('■remai  Uy  be  diriiinudipd  ;  but  tiflev  ii  while  a  pectiliur  eonditiuii  (to 
pbieh  we  have  already  alluded  on  p.  ll(i]  t^eu  in,  In  which  the  mui^Io  ia 
mnd  to  be  not  easily  fitirnuluted  by  Rinijle  induetion-fbockf:,  but  to 
M|iftnd  readily  to  The  make  or  break  of  a  voriftant  current.  In  fact,  it 
said  t't  be<vnnt;  oven  inon?  j'onsltive  tu  the  lallur  ntud**  »>f  stitQulrilion 
lan  it  wits  when  il«  nerve  wm  intuct  and  functioiiallv  uctivQ.  At  the 
iiae  time  it  also  bec-oiae^  more  irritable  towards  direct  uiechanicMl 
[imuli ;  and  very  frwpionlly  flbrillar  cmtraolion'*,  timre  or  leas  rhvthmic 
id  ap|iureritly  of  •tpontaneous  origin,  though  their  cauMitiun  is  obiiciire, 
tiike  their  ftpreamnce.  Thi*  phiute  of  hei^tilenml  «onsitiveneu  of  a 
lUflcle,  especially  to  the  constant  current,  appears  U*  reach  its  maximum 
man  at  about  the  seventh  week  after  nervuu«  iiiipuUes,  from  injury  tu 
'ths  nerves  or  nervous  centre,  have  ceased  to  reach  the  rrrj»cle, 
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If  the  muscle  th'ua  deprived  of  its  nervoua  elements  he  left  to 
taelf,  ita  irritability,  however  tested,  soaoer  or  later  dimiuishes  ; 
tit  if  the  muscle  be  periodically  thrown  iota  conlractions  by 
rtificial  stimulation  with  the  constant  current,  the  decline  of 
rritability  aud  atteadaut  loss  of  nutritive  power  may  be  post- 
■>aed  for  s^me  considerable  time.  But.  as  far  as  otir  experience 
oes  at  present,  the  artificial  stimulatioa  cannot  fully  replace 
e  natural  one,  and  sooner  or  later  the  muscle  like  the  nerve 

suffers  degeneration,  loses  all  irritability,  and  ultimately  becomes 

Replaced  by  connective  tissue. 


The  Influence  of  Temperature. 


We  have  already  Been  that  sudden  beat  applied  to  a  limited 
part  of  a  nerve  or  muscle,  as  when  the  nerve  or  muscle  is  touched 
^■srith  a  hot  wire,  will  act  as  a  stimulus,  and  the  same  might  be 
^Baid  of  cold  when  sufficiently  intense.  It  is,  however,  much 
^Kiore  difBeuU  to  generate  nervous  or  muscular  impulses  by  ex- 
^BlKieing  a  whole  nerve  or  muscle  to  a  gradual  rise  of  temf>erature. 
Thus  according  to  most  observers  a  nerve  belonging  to  a  muscle ' 

kinay  either  be  cooled  to  0^  C.  or  below,  or  lieate<l  to  50'^  or  even 
100''  C,  without  discharging  any  nervous  impulses,  as  shown  by 
Ibe  absence  of  contraction  in  the  attached  muscle.  The  con- 
tractions moreover  may  be  absent  even  when  the  heating  has  not 
u      been  very  gradual. 

1  The  ucllou  uf  cold  itnd  heat  on  icaiiury  Dt.>rve<>  will  beconiidorc'i  id  the  Inlcr 
loHtoD  of  th«  work, 
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A  rauaule  may  be  cooled  to  0"^  C.  or  below,  without  any  con- 
traction  being  caused,  but  wben  it  it  is  heated  to  a  limit,  which 
in  the  case  of  frogs'  musclea  is  about  45*^,  of  mammalian  muecles 
about  50'^,  a  eudden  change  takes  place;  the  muscle  falls,  at  the 
limiting  temperature,  into  a  rigor  mortis,  which  is  initiated  by  a 
forcible  contraction  or  at  least  sht>rtening.  The  rigor  nmrtis 
thus  brought  about  by  heat  is  often  ppoken  of  ns  rigor  calorifl. 

Motlerate  warmth — rx.  gr.,  in  the  frog  an  iucrcase  of  tempera- 
ture up  t^i  somewhat  below  45°  C,  favors  both  muscular  and 
nervous  irritability.  Ail  the  molecular  pruceeaetf  are  hastened 
Bn<l  facililiUed  ;  the  contraction  is,  for  a  given  etin)ulu8,  greater 
and  more  rapid — /.  c,  of  shorter  duration,  and  nervous  impulses 
are  generated  more  readily  by  slight  stimuli.  Owing  to  the 
(juickening  of  the  chemical  changes,  the  supply  of  new  material 
may  prove  insufficieuL;  hence  muscles  and  nerves  renmved  from 
the  body  loi^e  their  irritability  more  rapidly  at  a  high  than  at  a 
low  temperature. 

The  gradual  application  of  cold  to  a  nerve,  especially  when 
the  temperature  is  thus  brought  near  to  0°,  slackens  all  the 
LOiolecuIar  jirocesses,  so  that  the  wave  of  nervous  impulse  is 
lessened  and  prolonged,  the  velocity  of  its  passage  being  much 
diminished — e.g.,  from  28  m.  to  1  m,  per  second.  At  about  0° 
the  irritability  of  the  nerve  disappears  altogether. 

When  a  muscle  is  expiised  to  similar  cold — c.  y.,  to  a  tempera- 
ture very  little  above  zero,  the  contractions  are  remarkably  pro- 
longed ;  they  are  diminished  in  height  at  the  same  time,  but  not 
in  proportion  to  the  increase  of  their  duration.  Kxposed  to  a 
temperature  of  zero  or  below,  muscles  soon  luge  their  irritability, 
witlxput,  however,  undergoing  rigor  n)ortis.  After  an  exposure 
of  not  nutrethan  a  few  secrinds  to  a  temperature  not  much  l>elow 
zero,  tliey  may  be  restored,  by  grailual  warmth,  to  nn  irritable 
condition,  even  though  they  may  ap|>ear  to  have  been  frozen. 
When  kept  frozen,  however,  for  some  few  minutes,  or  when  ex- 
posed for  a  lesH  time  to  tem[)eratures  several  degrees  Indoiv  j^ro, 
their  irritability  is  permanently  destntyed.  When  thawed,  tbey 
enter  into  rigor  mortis  of  a  most  pronuunced  character. 


The  Influence  of  Blood-mtpply, 

When  a  muscle  still  within  the  bo^Iy  is  liepnved  by  any  meal 
of  its  profier  blood-supply,  as  when  the  bloodvesi^els  going  to  it 
are  ligatured,  the  same  grarlual  toss  of  irritability  and  final  ap- 
pearance of  rigor  mortis  are  observed  as  in  muscles  removed 
from  the  body.  Thus,  if  the  abdominal  aorta  be  ligatured,  the 
muselea  of  the  lower  limbs  loee  tlieir  irritability  antl  Hnally 
become  rigid.     So  also  in  systemic  death,  when  the  blood-supply 
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to  the  muiicles  is  cut  off  by  the  cea&ation  of  the  circulation,  losa  of 
irrUnbility  ensues,  and  rigor  ruortiB  eventually  follows.  lu  a 
human  corpse  the  musclefi  of  the  body  enter  into  rigor  mortis  in  a 
fixed  order;  first,  those  of  the  jaw  and  neck,  iheu  those  of  the 
trunk,  next  those  of  the  arms,  and  lastly  those  of  the  legs.  The 
rapidity  with  which  rigor  mortis  comes  on  after  death  varies  con- 
Biderably,  being  determined  both  by  external  circnmslanccs  and 
by  the  internal  conditions  of  the  body.  Thus  external  warmth 
hastens  and  cold  retanis  the  onset.  Ai^er  great  muscular  ex:ertion, 
as  in  hunted  animals,  and  when  death  closes  wasting  diseases, 
rigor  mortis  in  most  cases  comes  on  rapidly.  Aa  a  general  rule, 
it  may  be  said  that  the  later  it  is  in  raaklnc  its  appearance,  the 
more  pronounced  it  is,  and  the  longer  it  Iaj*ts;  l>ut  there  are 
many  exceptions,  and  when  the  state  is  recognized  aa  being  fun- 
damentally due  to  a  coagulation,  it  is  easy  to  understand  that 
the  amount  of  rigidity — i.  c,  the  amount  of  the  coagulum,  and 
the  rapidity  of  the  onset — i.e.,  the  quickness  with  which  coagula- 
tion takes  place,  may  vary  independently.  The  rapidity  of  onset 
after  muscnlar  exercise  and  wasting  disease  is  apparently  depen- 
dent on  an  increase  of  acid  reaction,  being  produced  under  tnose 
circumstances  in  the  musele,  for  this  seems  to  be  favorable  to 
the  coagulation  of  the  muscle-plasma.  When  rigor  mortis  has 
once  become  thoroughly  established  in  a  muscle  through  de- 
privation of  blctoil,  it  cannot  be  removed  by  any  subsequent 
Bupply  of  blood.  Thus  where  the  abdominal  aorta  has  remained 
ligatured  until  the  lower  limbs  have  become  completely  rigid, 
untying  the  ligature  will  not  restore  the  muscles  to  an  irritable 
condition,  it  simply  hastens  the  decomposition  of  the  dead  tissues 
by  supplying  them  with  oxygen,  and  in  the  case  of  the  mammal, 
vith  warmth  also.  A  muscle,  however,  may  acquire  as  a  whole 
a  certain  amount  of  rigidity  on  account  of  some  of  the  fibres 
becoming  rigid,  while  the  remainder,  though  they  have  lost  their 
irritability,  have  not  yet  advanced  into  rigor  mortis.  At  such  a 
juncture,  a  renewal  of  the  blood  stream  may  restore  the  irrita- 
bility of  those  fibres  which  were  not  yet  rigid,  and  thus  appear 
to  do  away  with  rigor  mortis;  yet  it  appears  that  in  such  cases 
the  fibres  which  have  actually  become  rigid  never  regain  their 
irritability,  but  undergo  degenenilion. 

Mere  loas  of  irritability,  even  though  complete,  if  stopping 
short  of  the  actual  coagulation  of  the  muscle-substance,  may  be 
with  care  removed.  Thus,  if  a  stream  of  blood  be  sent  artificially 
through  the  vessels  of  a  separated  (mammalian)  muscle,  the  irri- 
tabiliry  may  be  maintained  for  a  very  considerable  lime.  On 
stopping  the  artificial  circulation,  the  irritability  diminishes,  and 
In  time  entirely  disappears;  if,  however,  the  stream  be  at  once 
resumed,  the  irritability  will  be  recovered.     By  regulating  the 
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flow,  the  irritability  may  be  lowered  and  (up  to  a  certain  limi 
raised  at  pleasure.  From  the  epoch,  huwvver,  of  iuierfereuce 
with  the  Donnal  blood-stream  there  is  a  gradual  diojiuuiiou  in 
the  respoDsea  to  Btiniuli,  and  uliimatcly  the  muscle  loees  all  ita 
irritability  aod  becomes  rigid,  however  well  the  artificial  circula- 
tion be  kept  up.  This  failure  i»,  probably,  in  great  part  due  to 
the  blood  Bent  through  the  tissue  not  being  in  a  perfectly  normal 
condition  ;  but  we  have  at  present  very  little  information  ou  this 
point.  Indeed,  with  respect  to  the  ^ufiAVy  of  blood  thus  eeaential 
to  the  mainteuauce  or  restoration  ol  irritability,  our  knowledge 
is  definite  with  regard  to  one  factor  ouly,  viz.,  ihe  oxygen.  If 
blood  deprivetl  of  its  oxygen  be  sent  through  a  muscle  removed 
from  the  body,  irritability,  so  far  from  being  maintained,  seems 
rather  to  have  its  disappearance  hasteue<l.  In  fact,  if  venous 
blood  continues  to  be  driven  through  a  muscle,  the  irritability  of 
the  muscle  is  lost  even  more  rapidly  than  in  the  entire  absence 
of  bioiHJ.  It  would  deem  that  venous  blood  is  more  injuriuus 
ihau  none  at  all.  If  exhaustion  Im?  not  carried  too  far,  the 
muscle  may,  however,  be  revived  by  a  proper  supply  of  oxygen- 
ated bloofl. 

The  influence  of  blood-supply  cannot  be  so  satibfactorilj 
studied  in  the  case  of  nerve:)  as  in  the  case  of  iiiusctes ;  there  can, 
however,  be  little  doubt  that  the  effects  are  analogous. 
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The  Influence  of  Functional  Activity. 

This,  too,  is  more  easily  studied  in  the  case  of  muscles  than  of 
nerves. 

When  a  muscle  within  the  body  is  unused,  it  wastes;  when 
used,  it  (within  certain  limits)  grows.  Both  ihvae  facts  show  that 
the  nutrition  uf  a  muscle  is  favorably  affected  by  its  functional 
activity.  Part  of  this  may  be  an  indirect  etiect  of  the  increased 
blood-supply  which  occurs  wlieu  a  muscle  contracts.  When  a 
nerve  going  to  a  muscle  is  stimulated,  the  bltxxlvessels  of  the 
muscle  dilate.  Hence  at  the  time  of  the  coDtraetiuu  mure  blood 
flows  through  the  muscle,  and  this  increased  flow  continues  for 
some  little  while  afUr  the  contraction  of  the  muscle  has  ceased. 
But,  apart  from  the  blood-«uppIy,  it  is  probable  that  the  exhaus- 
tion caused  by  a  contraction  is  immediately  followed  by  a  reaction 
favorable  to  the  nutrition  of  the  muscle;  and  this  is  a  reason, 
possibly  the  chief  reason,  why  a  muscle  is  increased  by  use — that 
IB  to  say.  the  loss  of  substance  and  energy  caused  by  the  contrac- 
tion is  subsequently  more  than  made  up  for  by  increased  meta- 
bolism during  the  following  {>eriod  of  rest. 

\YiK'ther  there  be  a  third  factor — whether  muscles, for  instance, 
are  governed   by  lo-called  trophic  nerves   which   affect  their 
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nutrition  directly  in  some  other  way  than  by  influencing  either 
their  blood-supply  or  their  activity — must  at  present  be  leil 
uotiecided. 

A  muscle,  even  within  the  body,  after  prolonged  action  ia 
fatigued — i.e.,  a  stronger  stimulus  ia  required  to  produce  the 
aame  coutracljon  ;  in  other  words,  its  irritability  may  be  lessoned 
by  luiictiouul  activity.  Wliether  fuuctioual  activity,  therelore, 
is  inJuriouB  or  beneticial,  depends  on  its  amount  in  reluLion  to  the 
coudition  of  the  muscle.  It  may  be  here  remarked  that,  us  a 
muscle  becomea  more  and  more  fatigued,  stinmli  of  short  dura- 
tion, such  as  induction-shocks,  sooner  lose  their  eiiicacy  ibun  do 
BtimuH  of  longer  dunitiuu,  such  as  the  break  and  make  of  the 
oonstant  current. 

The  Bense  of  fatigue  of  which,  afier  prolonged  or  unusual  exer- 
tion, we  are  conscious  in  our  own  biMliLS,  'a  probably  of  complex, 
origin  ;  aud  Its  nature,  like  that  uf  the  normal  muscular  seuee  of 
which  we  shall  have  to  speak  hereafter,  is  at  present  not  thor- 
oughly understood.  It  seems  to  be,  in  the  first  place,  the  result 
of  changes  in  the  muscles  themselves  ;  but  is  possibly  also  caused 
by  changes  in  nervous  apparatus  concerned  in  muscular  action, 
aud  esf>ecially  in  those  parts  of  the  central  nervous  system  which 
&re  concerned  in  the  production  of  voluntary  impulses.  In  any 
case  it  cannot  be  taken  as  an  adequate  measure  of  the  actual 
fatigue  of  the  muscles;  for,  a  man  who  says  he  is  absolutely  ex- 
hausted may,  under  excitement,  perform  a  very  large  amount  of 
work  with  his  already  weary  muscles.  The  will,  in  fact,  rarely 
if  ever  calls  forth  the  greatest  contractions  of  which  the  muscles 
are  capable. 

Absolute  (temporary)  exhaustion  of  the  muscles,  so  thflt  the, 
etroDgest  stimuli  produce  no  contraction,  may  be  |iroduced  even 
within  the  body  by  artificial  stimulation;  recovery  takes  place 
on  rest.  Out  of  the  body  abs<tlute  exhaustion  takes  place  rendily. 
Here,  alto,  recovery  may  take  place.  Whether,  in  any  given 
case,  it  does  occur  or  not,  is  determined  by  the  amount  of  con- 
traction causing  the  exhaustion,  and  by  the  jirevlous  condition 
of  the  muscle.  In  all  cases  recovery  is  hastened  by  renewal 
(natural  or  artificial)  of  the  blood-stream.  The  more  rapidly  the 
contractions  follow  each  other,  the  less  the  interval  between  any 
two  contractions,  the  more  rapid  the  exhaustion.  A  certain 
numl)er  of  single  induction-shocks  repeated  rapidly — say  every 
second,  or  oftener — bring  about  exhaustive  loss  of  irritability 
more  rapiilly  than  the  same  number  of  shocks  re)>eated  less 
rapidly,  for  instance  every  live  r»r  ten  seconds.  Hence,  tetanus 
is  a  ready  means  of  pro<lucing  exhaustion. 

In  exhausted  muscles  the  elasticity  is  much  diminished  ;  the 
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tired  muscle  returns  leoi  readily  to  ita  natural  length  than  doe^ 
the  f'rt^li  one. 

The  exhaustion  due  to  ei>Dtraction  may  \te  the  reeult,  either 
of  the  coneumption  of  the  atore  of  really  contractile  material 
present  in  tlie  muscle,  or  of  the  accumulation  in  the  tissue  of  the 
pr<Hlurt£  of  the  act  of  contraction,  or  of  l}oth  of  these  causes. 

The  restorative  indueuce  of  rest  may  be  explained  by  aup- 
poBing  that  during  the  repose,  either  the  interual  changes  of  the 
tissue  manufacture  new  explosive  material  out  of  the  oompara- 
tivoly  raw  material  already  present  in  the  fibres,  or  the  directly 
hurtful  products  of  the  act  of  contraction  undergo  changes  by 
which  they  are  converted  into  comparatively  inert  bodies.  A 
stream  of  fresh  bltKKi  may  exert  ita  restorative  influence  not  only 
by  quickening  the  alH)ve  two  events,  but  also  by  carrying  off  the 
Immediate  wa^te  products,  while  at  the  same  time  it  brin<p}  new 
raw  material.  It  is  not  known  to  what  extent  each  of  the^e  parts 
is  played.  That  the  prwlucts  of  contraction  are  exhausting  in 
their  effects,  is  shown  by  the  facts  that  the  injection  of  a  solution 
of  the  muscle-extractives  into  the  vessels  of  a  muscle  produces 
exhaustion,  and  that  exhausted  muscles  are  recovered  by  the 
simple  injection  of  inert  saline  solutions  into  their  bloodvessels; 
moreover,  lactic  acid — and,  indeed,  other  acids — injected  into  a 
muscle,  cause  rapid  exhaustion  ;  and  wo  may  suppose  that  car- 
b^mic  acid,  with  the  other  substances  which,  ailer  a  contraction, 
tend  to  give  rise  lu  an  acid  reaction,  when  generated  too  rapidly 
to  be  neutralized  by  the  alkaline  lymph  in  which  the  fibres  are 
bathed,  in  part  at  least  determine  the  exhaustion.  But  the 
matter  ba«  uot  yet  been  fullv  worked  out. 

One  important  element  brought  by  fresh  blood  is  oxygen. 
This,  as  we  have  .seen,  is  not  necessary  for  the  carrying  out  of  the 
actual  contraction,  and  yet  is  essential  to  the  maintenance  of 
irritabiliiv.  It  is  probably  of  use  as  what  may  be  called  **  intra- 
molecular oxygen"  in  preparing  the  explosive  material  whose 
de^^om position  gives  rise  to  the  carbonic  acid,  and  other  produ< 
of  contraction. 


8bo.  6. — The  Kheroy  of  Mihcle  ani»  Nerve,  axd  tub 
Nature  of  Mu^cukar  Axn  Nervois  Action. 


We  may  briefly  recapitulate  some  of  the  chief  results  arrived 
at  in  the  preceding  ranges  as  follows: 

A  muscular  contraction  itself  is  easentiallv  a  translocation  of 
molecules — a  change  of  form,  not  of  bulk.  We  cannot  say.  how- 
ever, anything  defiuite  as  to  the  nature  of  this  translocation,  or 
as  to  the  way  In  which  it  is  brought  about.    Though  it  would 
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appear  that  the  dim  doubly  refractive  bands  increase  in  bulk  at 
the  expense  of  the  bright  siiij^'Iy  refrHctivo  bands,  we  ciinnot 
Btitisfncturily  explain  the  connection  hclwren  the  Htriution  of  n 
mu^culnr  fihre  and  u  inut«cnlar  ctmtraction.  Nearly  all  rapidly 
ctnitruciing  muHcles  are  striated,  and  we  must  suppose  that  the 
sLriatiun  U  o( shug  use;  but  it  i^  uotessentlHl  to  the  carry in^;  out 
of  a  coutractiou,  for  many  muscles  are  not  striated.  But,  what- 
ever be  the  exact  way  in  which  the  Iriinslocalion  is  eftVcled,  it  is 
fundamentally  the  result  of  a  chemical  change— (d*  an  explosive 
decomposition  of  certain  partn  of  the  nuiscle-snl>8lance.  The 
energy  which  is  ex[>euded  in  the  mechaidcal  work  dune  by  the 
niUiicle  haa  its  source  in  tlie  latent  energy  of  the  muucle-BuljHtance 
Bet  free  by  that  explos^ion.  Cuncerning  the  nature  of  that  explo 
sioD,  we  only  know  at  prepeul  that  il  resulu  in  the  production 
of  carbonic  acid  and  in  an  increase  of  the  acid  reaction,  and  that 
heat  is  set  free  as  well  as  the  speciBc  muscular  energy.  There  is 
a  genenil  parallelism  between  the  extent  of  nieinlMdism  talking 
place  and  the  amount  of  energy  set  free.  The  greater  the  de- 
velopment nf  carbonic  acid,  the  larger  is  the  contraction  and  the 
higher  the  temperature. 

Jt  has  not  been  pogbible  hitherto  to  draw  up  a  complete  equa- 
tion l>elween  the  latent  energy  (►f  the  material  and  the  two  forms 
of  actual  energy  set  free.  Tlie  proportion  of  energy  given  out 
as  Iteat  to  thai  taking  on  the  form  of  work,  probably  varies 
under  dlHerent  circumstances;  and  it  wouhl  apfwar  that,  on  the 
whole, a  muscle  would  be  no  mcire  economical  than  a  ateam-engine 
in  respect  to  the  conversitm  of  chemical  action  into  mechanical 
-work,  were  it  not  that  in  warm-blooded  animals  the  heat  given 
out  is  not.  as  in  the  steam  engine,  mere  loss,  but  by  keeping  up 
the  animal  temfieratnre  serves  many  subsidiary  purposes.  It 
might  be  supposetl  that  when  in  a  ci>ntraction  work  is  actually 
done,  the  increase  of  temperature  is  less  than  when  the  same  con- 
traction takes  place  without  doing  actual  work — thai  is  to  say, 
that  the  mechanical  work  is  done  at  the  expense  of  energy  which 
otherwise  would  go  out  as  heat.  Probable  as  this  may  seem,  it 
has  not  yet  been  experimenlallv  verified. 

Of  the  exact  nature  of  the  chemical  changes  which  underlie  a 
muscular  eonlraction,  we  know  very  little;  the  mitsl  important 
fact  being,  that  the  contraction  is  not  the  outcome  of  a  direct 
oxidation,  but  the  splitting  up  or  explosive  decomposition  nf  some 
complex  substance.  The  muscle  does  consume  oxvgen,  anil  the 
products  of  muscular  nietaho]it<m  are  in  the  end  products  of 
oxidation,  but  the  oxygen  appears  to  be  introduced  not  at  the 
moment  of  exjdottion,  but  at  some  earlier  date.  There  is  no 
evi<lence  of  nitrogenous  products  being  given  ofl'  as  waste;  such 
litrogenous  crystalline  bodies  as  are  present  in  muBcle,  creatine, 
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etc.,  may  be  regarded  rather  as  the  wear-and-tcar  of  the  machine 
thao  as  products  of  tlie  material  cunsumed  in  the  work.  Yet  it 
ie  hanfty  coiiHonant  with  what  we  know  claewhero.  to  aupixjsc 
that  the  coutrHclion  of  a  muscuhtr  fibre  has  for  its  ei»sonce  the 
decorupoBitiou  of  a  non-nitrogenoun  substanee;  and  we  may  sup- 
pose that  the  exi)lo3iou  does  involve  some  nitrogenous  products, 
which,  however,  are  retained  witliiu  tlie  tissue,  aud  used  up  again. 
We  may  even  go  so  far  as  to  entertjiin,  with  Hermann,  tne  view 
that  a  single  complex  suU>Lauce.  an  hypothetical  i/io^c/i,  splits 
up  partly  into  nitrogenous,  partly  into  non-nitrogenous,  factors; 
the  former,  possibly  of  the  nature  of  myosin,  t>eiug  rapidly  built 
up  again  into  new  inogen,  while  the  latter,  such  as  the  carbonic 
acid,  are  discharged  at  once  from  the  muscle.  But  our  knowl- 
edge of  the^e  matters  is  not  yet  ripe  enough  for  the  construction 
of  an  adequate  and  wholly  satisfactory  theory.  It  may  be  worth 
while  to  point  out  that,  during  even  the  most  complete  repose, 
muscle  is  undergoing  chemical  changes  which,  as  far  as  we  know, 
are  the  same  iu  kin<l,  and  only  diHer  in  degree  from  those  char- 
acteristic of  a  contraction.  Thus,  carbonic  acid  is  constantly 
being  produced,  as  are  probably  other  substances,  all  being  got 
rid  of  as  they  form,  just  as  they  are  got  rid  of  in  larger  quantitiee 
during  the  repose  which  follows  contraction.  Supposing  the  ex- 
istence of  a  substance  which  splits  up  into  these  various  products, 
and  which  we  nuiy  speak  of  as  the  true  coutractile  material,  Uia 
evident  thai  this  malcriul,  being  thus  constantly  used  up,  must 
be  as  constantly  repaired.  Thus,  a  stream  of  cheniical  substances 
may  be  conceived  of  as  flowing  through  nmscle,  the  raw  material 
brought  by  the  blood  being  graduallv  converted  into  true  con- 
tractile stuff,  the  breaking-down  again  of  which  is  gentle  and 
gradual  so  long  as  the  nmscle  is  at  rest,  but  becomes  excessive 
and  violent  when  a  contraction  takes  place.  When  rigor  mortis 
sets  in,  the  whole  remaining  contractile  material  is  decompitsed. 

While  iu  muscle  the  chemical  eventa  are  so  prominent  that 
we  cannot  help  considering  a  muscular  contraction  to  be  essen- 
tially a  chemical  process,  with  electrical  changes  as  attendant 
phenomena  only,  tne  case  ia  different  with  nerves.  Here  the 
electrical  phenomena  completely  overshadow  the  chemical.  Our 
knowledge  of  the  chemistry  of  nerves  is  at  present  of  the  scantiest, 
and  the  little  we  know  aa  to  the  chemical  changes  of  nervous 
substance  is  gained  by  the  study  of  the  central  nervous  organs 
rather  than  of  the  nerves.  We  find  that  the  irritability  of  the 
former  is  closely  dependent  on  an  adequate  supply  of  oxygen, 
and  we  may  infer  from  this  that  in  nervous  k^  in  muscular  sub- 
stance a  metabolism — of,  in  the  main,  an  oxidative  clmracter — 
is  the  real  cause  of  the  development  of  energy ;  and  the  axis- 
cylinder  (which  is  probably  the  active  element  of  a  nerve-fibre, 
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the  medulla  beiog  useful  for  its  nutrUion  auJ  protectiou  onhM 
uuHoubtcdly  resembles  in  many  of  it-^  ciliemical  Icatures  tiie  »ub- 
sUuice  of  a  muscular  fi[»re.  But  we  have,  as  yet,  no  satisfnclory 
ezperinieutal  evi<ieuce  itiat  the  paaeuge  of  a  uervou»  impulse 
along  a  pervc  h  the  result,  like  the  contraction  of  a  niuBculur 
fibre,  of  chemical  changes,  and,  like  it.  ac'companied  by  an  evolu- 
tion of  heat. 

On  the  other  band,  the  electric  phenomena  are  so  prominent 
that  some  have  been  tempted  to  regard  a  nervous  impulse  as 
essentially  an  electrical  change.  But  it  must  be  remembered 
that  the  actual  energy  set  free  in  a  nervous  impulse  is,  so  to 
speak,  insignificant,  so  that  chemical  changes,  too  slight  to  be 
recognized  by  the  means  at  present  at  our  dibftosal,  would  amply 
suffice  to  provide  all  the  energy  set  free.  On  the  other  hand, 
the  rate  of  transmission  of  a  nervous  impulse,  putting  aside  other 
features,  is  alouc  sufficient  to  prove  that  it  is  something  quite 
different  from  an  ordinary  electric  current. 

The  curious  dispusitiou  of  the  end-plates,  and  their  remarkable 
analogy  with  the  electric  organs  which  are  found  in  certain  ani- 
mals, have  suggested  the  vew  that  the  passage  of  a  nervous  impulse 
from  tiie  nerve-fibre  into  the  muscular  substance  is  of  the  nature 
of  an  electric  discharge.  But  these  matters  are  too  difficult  and 
too  abstruse  to  be  discussed  here. 

It  may,  however,  be  worth  while  to  remind  the  reader  that  in 
every  contraction  of  a  muscular  fibre,  the  actual  change  of  form 
ia  preceded  by  invisible  changes  propagated  all  over  the  fibre 
and  occupying  the  latent  period,  and  thai  these  cliauges  resemble 
in  their  features  the  nervous  impulse  of  which  they  are,  so  to 
speak,  the  continuation  ratlier  than  the  contraction  of  whicli  they 
are  the  forerunners  and  to  which  they  give  rise.  Bo  that  a  muscle, 
even  putting  aside  the  visible  terminations  of  the  nerve,  is  funda- 
mentally a  muscle  and  a  uerve  besides. 


Sec.  7. — Ottikr  Forms  or  Contractile  Tissue. 


[Phyeiological  Anatomy  of  the  Unsiriated  MwrJcs. 

The  unstriated  muscles  consist  of  fiattened  bands  or  layers, 
which  are  made  up  nf  bundles  of  fibres.  These  fibres  are  com- 
posed of  elongateii,  fusiform,  protoplasmic  cells,  containing  an 
lealed  nucleus— or  nuclei, — which  is  usually  surnuiuded  by  a 
dl  amount  of  granular  protoplasm.  (Figs.  2fi  and  27.) 
They  do  not  p'jssess  a  slteath,  or  sarcolemma,  like  the  skeletal 
fibres,  and  when  ruptured  have  somewhat  irregularly  squared 
ends. 
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The  uiistriated  muscles  are  almnst  entirely  distributed  to  thi 
viscera,  ami  are  (iiaptwed  as  fliiltened  bamU  or  layers,  which  crass 
ea<.rh  other  at  various  angles.  Generally  they  appear  as  two 
layers — a  superficial  or  longitudinal,  and  a  deep  or  circular 
layer. 

This  form  of  muscular  fibre  is  found  in  the  skin,  where  the 
fibres  are  seen  to  have  an  oblique  course,  running   from    the 
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superficial  lavpf:}  of  the  cerium  to  the  hair-follicles,  where  they 
are  iuiierted  (  Vt^.  2H).  Unutriped  muscular  litisue  i»  also  abun- 
dant in  the  siiperlit'iul  layers  of  the  cerium,  at  tlie  basis  of  the 
papilhc.  When  these  hbres  contract,  they  cause  numerous 
pupillary  elwatiims  to  af>pear  on  the  skin,  which  give  the 
surlkcd  the  appearance  of  what  is  commonly  termed  "goose- 
skin." 

The  iinslriated  mviflcleji  appear  to  l>o  more  inrimately  connfcleiJ 
with  the  8yin{)Uth«.'tic  uervouit  bysiem.  anil  coutrolted  cliit'By  by 
thecti,  while  the  Hkeletal  musclea  are  auiniateil  by  the  cvrehro- 
spinal  system.  Aoc>rilirig  to  some  ob4ervcrs,  the  fibrets  of  the 
intestines  are  almost  exclusively  supplied  by  the  sympathetic 
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nerves.  In  the  former  class  of  fibres,  from  the  fact  of  their  being 
generally  iininflaence<l  by  the  will,  and  of  their  principal  <lia- 
tribulion  being  to  the  organs  of  nutrition  anil  gnwlh.  they  have 
been  termed  the  rnnaoles  of  organic  life.  In  the  latter  cliiss, 
becttuse  of  their  being  presided  over  by  the  cerebro-spiual  system. 


Fio.  28. 
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their  more  iDtiraate  connection  with  the  animal  functions,  and 
their  volitional  character,  are  termed  the  muscles  of  anmial 
life.] 

Vwiirlated  MuRoular  Tissue, — Our  knowledge  of  the  phenomena 
of  these  structures  is  very  imperfect,  since  i  in  vertebrates)  they 
do  not  exist  in  isolated  masses  like  the  strtatett  muscles,  but  occur 
as  consliluents  of  complex  organs,  such  as  the  intestine,  ureter, 
uterus,  etc.  They  undergo  rigor  mortis  ;  and  what  little  iulnmiu- 
tion  we  do  possess  concerning  their  chemical  and  physical  features 
leads  us  to  believe  that  the  processes  which  take  place  in  them 
are  fundamentally  identical  with  thoBo  occurring  in  striated 
muscle,  the  two  difftring  in  degree  rather  than  in  kind.  When 
stimulated,  they  coniract.  If  a  glimuhis,  inechanical  or  electrical, 
be  applied  to  the  intestine  or  ureter  of  a  mamrnal,  a  circular  con- 
traction is  seen  to  take  place  at  the  spotstimuhited.  The  contrao-j 
tion,  which  is  prece<ied  l)y  a  very  long  latent  period,  lasts  a  very 
considerable  lime— in  fact,  several  secomls — after  whi«!h  relaxa- 
tion slowly  takes  place — that  in  to  say,  nvcr  the  circularly  <lia- 
persed  fibres  of  the  intestine  for  ureter  i,  at  the  spot  in  question, 
there  has  |Mi.!^cd  a  conlraction-wavc  remarkable  for  its  long 
latent  periofl  and  for  the  slowness  of  its  development.  From  the 
spot  80  <lireeLly  stimulated,  the  contraction  may  pass  as  a  wave 
(with  a  length  of  I  centimetre  and  a  velocity  of  from  20  Ut  30 
milliuietres  a  second  in  the  ureter)  ahmg  the  circular  coat  both 
upwards  and  downwards.  The  longitudinal  fibres  at  the  spot 
stimulated  are  also  thrown  into  contractions  of  altogether  alinilar 
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character,  and  a  wave  of  contractiriD  mnv  olso  travel  loDgituHii 
ally  uloD^  the  longitudinal  ooat  botli  upwards  and  downwards. 
It  18  evident,  however,  that  the  wave  of  coulraction  ut"  which  we 
are  now  speaking  is  in  one  rospoct  different  from  the  wave  of 
contraction  treated  of  in  dealing  with  striated  muscle.  lu  the 
latter  case,  the  contraction-wave  is  a  simple  wave  propagated 
along  the  individual  fibre;  in  the  case  uf  ihe  intestine  or  ureter, 
the  wave  is  complex,  being  the  sum  of  the  contraction-waves  of 
several  fibres  engaged  in  different  phnses,  and  h  propagated  from 
fibre  to  tibre,  both  in  the  direction  of  the  fibres,  as  when  the 
whole  circumference  of  the  intestine  is  engaged  in  the  contraction, 
or  when  the  wave  travels  longitudinally  along  the  longitudinal 
coat,  and  also  in  a  direction  at  right  angles  to  the  axes  of  the 
fibres,  as  when  the  contraction-wave  travels  lengthways  along  the 
circular  coat  of  the  intestioe.  or  when  it  passes  acr<jss  a  breadth 
of  the  longitudinal  coat.  Moreover,  it  is  obvious  that  the  con- 
traction-wave which  passes  along  a  single  unstriated  fibre 'differs 
from  that  passing  ah)ng  a  striatt'd  tibre,  in  the  very  great  length 
both  of  its  latent  period  and  of  the  duration  of  its  contraction. 

Waves  of  contraction  tlui»  pa!if>ing  along  the  circular  and  lon- 
gitudinal coats  ot  the  intestine,  constitute  what  is  called  peristaltic 
action. 

Like  the  skeletal  muscles,  whose  nervous  elements  have  been 
rendered  functionally  incapable,  unstriated  muscles  are  much 
more  sensitive  to  the  making  and  breaking  of  a  constant  current 
than  to  induction-shocks. 

The  unstriated  muscles  seem  to  be  remarkably  susceptible  to 
the  influences  of  temperature.  Thus  the  unstriated  muscles  of 
the  trachea  are  said  not  to  contract  at  a  temperature  below 
12^  C,  and  are  most  active  at  a  temperature  above  21°  C.  So, 
also,  the  movemeote  of  the  intestine  cease  at  a  temperature  below 
19°  C. 

[The  muicles  nre,  fiirlhermore,  xariously  nffeclod  by  dlfTerfnt  poisnni. 

Kufcutict  gener-nlly,  nitrUc  nf  miivl,  nitrite  nf  polii^Ainni,  nponinrphtne, 
bydr(joy«nic  iu'i«l,  uimI  nuiiitTous  uthur  drug*  deprp»»  or  i<iirul|X(>  ihuiii, 
t*hy<^i>fttis;riiii  and  furtoin  f^liiniilalD  ihcm  if  illrt'c'ly  »|i[>li».>il.  Vt-rulri* 
Urel  Bliniiiliiie*  and  tiruTwitnl.'^  pHrnlyzt's  Ihem.  Kri;"l  siM-ms  to  jm'S-iom  a 
rciimrkiible  puwcT  in  ciiiihin);  ooniriution  of  ihu  muscle*  of  ilte  uterus,  Mnd 
iu  oliicf  llicrftftciulc  ue^c  t*  far  llii^  ]<tir|>ri*o.  Wlitut  ihey  iir«  pUced  in 
cortnin  gHB**8,  such  hr  ctirboitic  irid,  curbimic  oxide,  hvdntgen,  etc.,  they 
fiouh  l<>9ciliLMr  irritiibilily.  In  nn  uimospbcro  of  oxygen  th«y  will  ruiuaio 
IrnlMbie  fur  ft  very  long  period.] 

In  striking  contradistinction  to  what  takes  place  in  the  striated 
muscles,  automatic  movements  are  exceedingly  common  in  struc- 
tures built  up  of  lion  striated  nuLscles :  the«o,  moreover,  exhibit 
a  great  tendency  to  rhythmic  action.    Thus,  the  porislnltic  action 
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»f  the  intestine  and  ureters,  and  tlie  corresponding  movernents  of 
le  uterus,  are  at  once  rhythmic  nnd  largely  automotic.     AVhnt 
'share  the  nervous  eiemeutu  take  iu  the  autumatifim  and  the 
rhyihni  ia  uticertHtn. 

Cardiac  Mutcltt. — The  luoBt  important  features  of  this  form  of 
[)utrac*tile  tissue  will  Ik!  studied  when  we  come  to  deal  with  the 
leart.    It  will  be  seen  that  they  ure  intermediate  between  ordinary 
iketetiil  and  ntm  i^triutetl  iDUijcies. 

CilUi. — Ciliary  luovemeut  consists  in  the  rapid  flexion  (into  a 

ickle  ur  hfHtkftirui)  of  the  ciliuui  and  it.i  let^a  rapid  return  to  its 

irevioua  straight  litrm.     The  dintinishcd  velocity  of  the  return 

^ads  to  the  fi.trcc  of  the  ciliary  action  being  exerted  in  the  same 

direction  ns  the  tlexion.     Tiio  cause  of  ilie  flexion  seems  to  he  the 

cuntraeti<m  of  the  cilium  ;  and  that  of  the  return,  an  elastic  re- 

actt<in.     In  tlie   lower  aiuiuals,  howewr,  many  varieties  in  the 

^^|U(Hle  of  movement  of  cilia  may  be  nhserved. 

^K     Various  attempts  to  explain  the  movement  by  the  presence  of 

^hpeeial  mechaniHins  at  the  base  of  the  cilia  have  hitherto  failed. 

^fBi'Uie  authors  have  attributed  the  movement  to  a  protoplasmic 

^■Dontractiou  nf  the  cell  itself,  the  cilium  acting  merely  us  u  minute 

^Belustic  rot! ;  and  snme  such  view  as  lliiis  is  supported  by  the  fact 

that  no  movement  has  ever  been  observed  in  an  isolated  cilium. 

It  ia  diflicult,  however,  to  understand  how  the  peculiar  sickle-like 

lexion  of  the  cilium  can  bo  brought  about  unless  the  contractile 

luilerial  is  continued  up  into  the  eilium  ilself;  and  the  tail  of  a 

ipermatozoon,  which  is  practically  a  single  cilium,  may  contract 

►veil  wheu  separated  from  the  head. 

Ciliary  movement  appears,  therefore,  to  difl'er  from  ordinary 

luscular  contraction  chiefly  iu  the  si:^  of  the  apparatus  con- 

irned.    The  movement  is  rapid  :  thus,  Englemann  has  estimated 

hat  in  the  frog  the  flexions  are  repeated  at  least  twelve  times  in 

second.     The  movement,  in  fact,  is  too  rapid  to  be  visible;  it 

in  only  be  seen  at  a  time  wheu  exhaustion  and  coming  death 

Lave  begun  to  retard  the  action.     Kngletuann  found  that  he  was 

irt»t  able  to  count  them  when  their  rapidity  declined  to  eight  in 

second. 

In  the  vertebrate  animal,  cilia  arc,  as  far  ns  we  know,  wholly 
i      independent  of  the  nervous  system,  and  their  movement  ia  prob- 

tbly  ceaseless.  In  such  auimals,  however,  as  Infusoria,  llydrozoa, 
tc,  the  movements  in  a  ciliary  tract  may  oi^en  be  seen  to  stop 
nd  go  on  again — to  he  now  fast,  now  slow,  according  to  the 
eeds  f»f  the  economy,  and,  as  it  almost  seems,  acct^rding  to  the 
'ill  of  the  creature ;  indeed,  in  some  of  these  animals  the  ciliary 
un*ement8  are  clearly  under  the  influence  of  the  nervous  system, 
Observations  with  galvanic  currents,  constant  and  interrupted, 
ave  not  led  to  any  satisfactory  results;  and,  as  far  as  we  know 
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at  present,  ciliary  action  is  most  affecte*!  by  changes  of  tempera- 
ture and  cbeiuical  media.  Moderate  heat  quickens  the  inove- 
meuls,  but  a  rise  of  temperature  beyond  a  certain  limit  (about 
40°  C.  in  the  case  of  the  pliaryngeal  membrane  of  the  frog)  be- 
comes iujurioua  ;  cold  retards.  V^ery  dilute  alkalies  are  favorable, 
acids  are  injurious.  An  excess  of  carbonic  acid  or  an  absence  of 
oxygen  diminishes  or  arrests  the  uiovemente,  either  temporarily 
or  pL^rmauently,  according  to  the  length  of  the  expiiaure.  Chloro- 
form or  ether  in  slight  doses  diminishes  or  suspends  the  action 
temporarily,  in  excena  kills  and  disorganizes  the  cells. 

Mif^rnting  Ctlh. — We  have  already  urged  the  view  that  au 
ama'boid  movement  of  a  white  corpuscle  is  essentially  a  form  of 
contraction. 

All   the  circumstances  which  aifect   muscular  coDtraction — 

teat.  al)8ence  or  presence  of  oxygen  and  carbonic  acid,  etc.,  also 

affect   protoplasmic   movements.      The   white   corpuscles,   like 

muscular  fibres,  sutfer  rigor  mortis,  in  which  state  they  become 

spherical. 
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CHAPTER    III 


THE  FUNDAMENTAL  PKOPERTIES  OF  NERVOUS 
TISSUES. 

Ix  ita  Bimplest,  and  prnhably  earliest  form,  a  nerve  is  nothing 
more  ihun  a  thiu  strand  of  irritable  protoplasm,  forming  the 
nieand  of  vital  comtuunumtiou  hctweeu  a  sensitive  ectodermic  cell 

Fia.  2n. 


tHxaUXM  IV  iu.i'irru*Tk.  Tiiit  riiurLMT  F'^xitM  or  A  Xkkvi)|'s  SYsrm. 

JL  Am  MilAd*nu-«^ll  r  c,  with  iu  iiiu^-iilnr  pnct^a  m.p  ,  lu  In  Ilyilni. 

B.  Thn  ■ctoderni-^'oll  «.  e.  b  VtfUltcct«d  wUb  Uiu  tntu^lo-oiill  m.  e.  hy  uimiu  tif  Uio  (irtiiMiy 
WH^Jf  r*vTT*t  Mt,  a. 

C  Tlie  illffennUiitMl  wnffitlvo  cell  i  ti,  la  cuuui«ti»l  hjr  uimii*  nf  tlio  itciuurj  nurru  a.  n.  with 
Ihff  c*ntmt  wU  c  e^  wlikli  Is  kt^Xu  c<jnnoctc<l  by  uu'hii)  ^r  tli«  mutdr  nem  m.  m.  wtrh  Uu> 

txpoeed  to  extrinttic  accidents,  uud  a  muscular,  highly  uoutractile 
lU  (or  a  muscular  process  of  the  same  cell)  buried  at  some  dis- 
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taiice  from  tbe  surface  of  the  body,  and  thus  less  suaoeptible  to 
external  influences.  (Fig.  29,  A,  B.)  If  in  Hydra,  >ve  imafflne 
the  junction  of  the  ectoderraic  muscular  process  with  the  body  of 
its  cell  tu  be  drawn  out  into  a  thin  thread  (as  is  said  to  be  the 
case  in  some  other  Ilydrozoa),  we  should  have  just  such  a  primary 
nerve.  Since  there  wouKi  be  no  need  for  such  a  means  of  com- 
munication to  be  contractile  and  capable  of  itself  chan<>ing  in 
form,  but  on  the  other  hand  an  advantage  in  its  remaining  im- 
mobili',  and  in  its  dimensions  being  roilucLMl  as  much  as  possible 
consistent  with  the  maintenance  of  irritability,  the  primary  nerve 
would,  in  the  process  of  development,  loso  the  property  of  con- 
tractdity  in  pnijiortiou  as  it  became  more  irritjible — i.  e.,  raore 
apt  in  the  propugatiou  of  the  waves  of  disturbance  arising  la  the 
ect^MJermic  cell. 

AVe  have  a'ready  seen  that  automatism — i.e.,  the  power  of 
iuitiatin;?  disturbances  or  vital  impulses,  independent  of  any  im- 
metiiate  dii^tu^bing  event  or  stimulus  from  without,  is  one  of  the 
fundauifutal  properties  of  prot«.iplasm.  lu  simpler,  but  leas  exact 
language,  sucli  a  mass  of  protoplasm  as  an  amceba,  though  sus- 
ceptible in  the  highest  degree  to  influences  from  without,  *'  has  a 
will  of  its  own;"  it  execut<«  movements  which  cannot  be  ex- 
plained by  reference  to  any  changes  in  surnfunding  circumstances 
at  the  time  being.  A  hydra  bus  also  u  will  of  lUi  own  ;  and  see- 
ing that  all  the  constituent  cells  (beyond  the  distinction  into 
ectoderm  and  endoderm  i  are  alike,  we  have  no  reason  for  think- 
ing that  the  will  resides  in  one  cell  more  than  in  another,  but  are 
led  to  infer  that  the  protoplasm  of  each  of  tbe  cells  (of  the  ecto- 
derm, at  least'  is  automatic,  the  will  of  the  individual  lieing  the 
coordinated  wills  of  the  component  cells.  In  both  Hydra  and 
Aroa>ba  the  processes  concerned  in  automatic  or  spimtaneous 
impulses,  though  in  origin  independent  of,  are  subject  to,  and 
largely  modified  by,  influences  proceeding  from  without.  Indeed, 
the  great  value  of  automatic  processes  in  a  living  body  de(>eud8 
on  the  automatictm  being  affected  by  external  influences,  and  on 
the  simple  eflects  of  stimulation,  being  profoundly  modi  Bed  by 
automatic  action. 

The  next  step  of  development  beyond  Hydra,  is  evidently  to 
differentiate  the  single  (ectodermic)  cell  into  two  cells,  of  which 
one,  by  division  of  labor,  confines  itself  chiefly  to  the  simple  de- 
velopment of  im[»ulses  as  the  result  of  stimulation,  leaving  to  the 
other  the  tai^k  of  automatic  action,  and  the  more  complex  trans- 
formation of  the  imptilses  generated  in  il^lf  The  latter,  which 
we  may  rail  the  eminently  automatic  cell  (though  much  of  the 
work  which  it  has  to  do  is  of  the  kind  we  shull  presently  speak 
of  aa  reflex  action),  will  naturally  be  withdrawn  from  the  surface 
of  the  body;  while  the  other,  which  we  may  call  tbe  eminently 
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sensitive  cell,  will  still  retain  its  8U[)erficinl  position,  so  that  it 
may  most  readily  be  ntfected  by  all  changes  in  the  world  without 
(Fig.  29, C).  And  jufltasa  primary  7/io(or  nerveariR-aa^a  retoined 
thread  orcomiuunication  between  a  sensitive  cell  and  itts  muscular 
process,  so  a  primary  aeiwory  nerve  may  be  conceived  of  as  arising 
as  ft  thread  of  communication  between  an  emiaeDtly  sensitive  cell 
and  \t&  twin  the  eminently  automatic  or  central  cell.  By  this 
arrangement  the  sensitive  cell,  relieved  of  the  heavy  burden  of 
sptrntnueouB  action,  ia  cnabletl  to  devote  ili»elf  with  greater  vi^or 
to  the  reception  of  external  iuHuenccs;  while  the  automatic  cell, 
no  longer  hampered  by  the  physical  nereefiities  of  being  which 
are  imposed  on  the  superHeiai  cell,  cxpoflofl  i\n  this  ie  to  every 
wind  and  wave,  but  secure  in  its  internal  retreat,  is  able,  with 
similar  increased  energy,  to  devote  itself  either  to  the  production 
of  spontaneous  impulses,  or  to  modifying  profoundly  the  impulses 
which  it  receives  from  the  sensitive  cell.  rCaturally  the  muscular 
process  or  muscular  fibre  would,  on  the  splitting  of  the  origiual 
single  cell,  remain  in  connection  with  the  more  eminently  auto- 
matic. We  thus  arrive  at  that  triple  fundamental  arrangement 
of  a  nervous  system  in  its  simplest  form,  viz.,  a  sensitive  cell  on 
the  surface  of  the  body  connected  by  means  of  a  sensory  nerve 
with  the  internal  automatic  central  nervous  cell,  which,  in  turn, 
is  connected  bv  means  of  a  motor  nerve  with  the  muscular  tibre- 
oell. 

We  have  already  seen  that  the  physiology  of  the  motor  nerve 
cannot  without  inconvenience  be  separated  from  that  of  the  mus- 
cular fibre.  Id  the  same  way  the  physiohigy  of  the  sensory  nerve 
cannot  well  be  separated  from  those  moditications  of  su{>er(icial 
sensitive  cells  which  constitute  the  organs  of  sense.  We  may  add 
at  the  special  physiology  of  the  central  nervous  cells  can  only 
profitably  be  studied  in  connection  with  the  sensory  organs.  In 
the  present  chapter,  therefore,  we  purpose  to  confine  ourselves  to 
the  consideration  of  the  simplest  and  moat  general  properties  of 
he  central  nervous  cells. 

These  are  arranged  in  the  vertebrate  body  in  two  great  sys- 
tems: the  cerebro-spinal  axis,  and  the  various  ganglia  scattered 
over  the  body ;  we  shall  deal  with  such  proj)ertie8  onlj'  as  are 
more  or  less  common  to  the  two  systems.  We  may  prennse  that, 
as  far  as  our  knowledge  at  present  goes,  the  processes  which  are 
concerned  in  the  propagation  of  nervous  impulses  along  a  sensriry 
Derve*trunk  are  identical  with  those  which  take  place  in  a  nuftor 
Jierve-trunk.  The  phenomena  of  the  natural  nerve-current,  of 
e  currents  of  action  during  the  passage  of  an  impulse  and  of 
lectrotonuB  (and  these  facts  mark  out,  us  we  have  seen,  the  limits 
four  information  on  this  matter)  are  exactly  the  same,  whether 
piece  of  nerve-trunk  experimented  on  be  a  mixed  nerve- 
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troDk,  or  an  almost  purely  motor,  or  an  almost  purely  sensory 
nerve-trunk,  or  an  anterior  or  pijsterior  nerve-root,  or  the  special 
sensory  nerve  of  a  ptirticular  sense,  such  as  the  optic  nerve.  In 
both  eeusory  ami  mutor  nerves  the  ehanges  accompanying  a 
nervous  impulse  are  tran^mitlett  equally  well  in  both  liirectioos. 
We  seem  justiHed  in  coucludrng  that  the  events  which  occur 
in  a  seusory  nerve  when  it  is  an  instrument  of  sensation,  differ 
from  those  which  take  place  in  a  motor  n^rve  when  that  is  an 
instrument  of  movemeut,  ouly  so  fn.r  as  the  sensnry  impulses  are 
generated  by  particular  processes  which  bear  the  stamp  of  the 
sensory  cell  in  which  they  orijjriuated.  while  the  motor  impuUce 
are  generated  by  particular  processes  which  bear  the  stamp  of 
the  central  nervous  cells  in  winch  they  in  turn  origiuated.  All 
sensory  impulses  appear  U*  be  tetanic  in  nature — i.  e.,  to  be  com- 
posed of  a  sericH  of  constituent  simple  impulses;  ami  it  is  proba- 
ble that  while  the  motor  impulses  which  proceed  from  the  central 
nervous  system  to  the  iiiudcles  are  com[>osed  of  simple  impulses 
repeated  with  the  fame  rapidity,  and  thus  giving  rise  to  the  same 
muscular  note  (p.  82),  the  sensory  impulses  which  proceed  fn>ni 
the  peripheral  sense  organs  to  the  central  nervous  system  vary 
exceedingly  as  to  the  way  in  which  their  constituent  simple 
impulses  are  combined.  It  is  indeed  possible  tlmt  the  complex 
sensory  impulses  which  give  rise,  for  instance,  to  sight  and  touch 
resiwctively,  nmy  ditfcr  only  in  the  wave-length,  so  to  speak,  of 
thfir  constiiueut  sim[de  impulses,  much  in  the  same  way  as  red 
light  (lillers  from  blue  light. 

In  the  scheme  sketche<l  out  above,  the  same  central  ncrvoufl 
cell  is  suppt)se<l  to  be  en^nu:ed  at  once,  both  in  originating  auto- 
matic actions  and  in  miHlifyin;^  seusory  impulses  <i.  r..  impulaee 
{iroceeding  from  the  sui>erHcial  sensitive  cells)  previ<.ius  to  these 
>fing  i>4i:!sed  ou  ti>  tlie  muscular  tibre.  It  is  evident  that  where 
two  or  more  central  nervous  cells  occur  t«»gelher,  a  further  dif- 
ferentiation would  i>e  of  advantage — a  dilferentlation  inU>  cells 
which  though  still  susccpti'ble  of  being  influenced  from  without, 
shouM  be  more  especially  restricted  to  automatic  action,  and 
into  cells  which  t^hould  forego  their  automatism  for  the  sake  of 
being  more  ethcieut  in  modifying  sensory  impuli^es,  with  a  view 
of  transmuting  thciii  into  motor  impulses,  and  tn)  of  giving  rise 
to  appropriate  movements.  We  thus  gain  the  fundamental  and 
prifuury  dillerentiation  of  the  work  of  a  eeutral  nervous  system 
into  uutmnatic  and  into  rcfl*'X  oporaliorifi.  These  are  very 
clearly  nmnittsted  by  the  braiu  and  spinal  cord,  and  probably 
also,  though  this  is  less  certain,  by  the  sporadic  ganglia. 

Automatic  Actians. — In   the  vertebrnte  animal    the  highest 
form  of  automatism,  individual  volition,  with  which  codscious 


i 


SENSORY    AND    MOTOR    NKRVES, 


141 


inteiligence  is  associated,  is  a  I'uiictiuu  of  ct^rtuiu  parts  of  the 
Urain.  There  are  eviiienct^s  of  the  existence  in  the  brain  of 
other  forms  of  autotuatism.  All  these  will  be  couaidered  ia 
detail  hereafter. 

In  the  spinal  cord  separated  from  the  brain  by  section  of  the 
raeduUa  oblon>^ata,  it  becomes  difficult  U*  draw  a  line  between 
purely  automnlic  and  retlex  actions.  Thus,  when  we  come  to 
deal  with  rut<]iirntiou;  we  shall  see  that  white  there  can  he  no 
doubt  that  the  musculur  respiratory  apparatus  is  kept  at  work 
by  impulses  proceeding,  in  a  rhythmic  manner,  from  a  group  of 
nerve-cells,  or  respiratory  nervous  centre,  in  the  medulla  nh- 
longata  it  is  an  open  question  whether  those  impulses,  whose 
generation  is  certainly  modifie<l  by  centripetal  impulses  passing  to 
the  centre  along  various  nerves,  are  absolutely  automatic — i.  e.. 
whether  they  can  continue  to  make  their  a[»|>earance  when  do 
influences  whatever  from  without  are  brought  to  bear  upon  the 
centre.  Similar  doubts  hover  round  other  automatic  functions 
of  the  spinal  cord.  We  shall  see  hereafter  rcasoos  for  speaking 
of  the  existence  in  the  medulla  oblongata  of  a  vaso-motor  cen- 
tre, that  is  of  a  group  of  nerve-cells,  whence  impulses  habitually 
proceed  along  the  so-called  vaso-motor  nerves  to  the  muscular 
coats  of  the  small  arteries,  and  keep  these  vessels  in  a  state  of 
semi-contraction  or  tone.  Here,  loo,  it  U  doubtful  whether  these 
motor  or  efferent  impulses  can  be  generate<l  in  the  absence  of 
all  sensory  or  afferent  impulses.  The  posterior  lymphatic  hearts 
of  the  frog  are  counecle^l  by  the  small  tenth  pair  of  spinal 
nerves  with  the  gray  matter  of  the  termination  of  the  spinal 
cord,  in  such  a  manner  that  det*truclion  of  that  part  of  the 
spinal  cord  or  section  of  the  tenth  nerves  apparently  puts  au 
end  to  the  rhythmic  pulsations  of  the  lymphatic  hearts.  Here 
it  would  seem  as  if  rhythmic  impulses  were  automatically  geu- 
eratcd  iu  the  lower  end  of  the  cord,  and  proceeded  along  the 
efferent  nerves  to  the  hearts,  thus  determining  their  rhythmic 
pulsations.  But  if  it  be  true,  as  asserted!,  that  the  rhythmic 
pulsations,  though  arrested  for  a  time  by  severance  of  the  nerves, 
or  dt8tructi<»n  of  the  lower  end  of  the  cord,  are  af\er  a  while 
nsumed,  then  these,  too,  can  be  no  longer  couDteil  among  the 
SUtomatic  phenomena  of  the  cord.  And  so  in  other  instancefl-^ 
which  we  shall  meet  with  in  the  course  of  this  bo(»k.  The  ex- 
istence of  automatism,  then,  even  of  this  comparatively  simple 
character,  ia  at  least  doubtful.  That  all  higher  automatism 
comparable  at  least  to  that  of  the  cerebral  hemispheres  is  absent, 
may  be  regarded  as  certain. 

In  the  sporadic  ganglia  the  evidence  of  automatic  action 
seems  more  clear,  and  vet  is  by  no  means  absolutely  decisive. 
The  beat  of  the  heart  is  n  typical  automatic  action,  and  since 
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the  heart  will  continue  to  beat  for  some  time  when  isolated  from 
the  rest  of  the  body  i  thai  of  a  cold-bloodetl  aiiiinal  continuing 
to  beat  for  hours,  or  evvn  daysi,  ii»  Hutonmliftu  must  lie  in  its 
own  alructurts.  When,  Ixtwevcr,  we  citnie  to  discnss  the  lieat  of 
the  heart  in  detail,  \se  shall  6ucl  that  it  is  still  an  o))eu  4ue«tiou 
whether  the  autouiati.siu  is  confined  to  the  ^'un<zlia  (either  of  the 
Binua  vetii'fius,  aurielea,  or  auricuK»-ventricular  boundary),  or 
shared  iu  by  the  niuscular  tissue — whether,  in  fact,  the  autom- 
atism like  that  of  a  ciliated  cell,  or  the  automatism  of  a  difluren- 
tiate<l  nerve-cell.  And  yet  the  heart  is  the  case  where  the 
autitmatism  of  the  ganglia  Feems  clearest. 

The  iK'ristaltic  contractions  of  the  alimentary  caual  are  auto- 
matic niiivenieuts;  we  cann'it  Bpeiik  of  them  as  being  sim|>ly  ex- 
cited by  the  iireseuce  of  food  in  the  canal,  any  more  than  ue  can 
say  that  the  bent  of  ihe  heart  is  caused  by  the  presence  of  blood 
in  \Ui  cavities.  When  absent  they  may  be  set  a)ioing.  ami  when 
present  may  l»e  stopped  without  any  change  in  the  contents  of 
the  canal.  They  may.  of  course,  be  inHuenced  by  the  contents, 
just  as  the  beat  of  the  heart  is  ioilueneed  by  the  quantity  of  blood 
in  its  cavities.  Throughout  the  inlestiues  are  found  the  nerve- 
plexua  of  Auerhaeh  and  that  of  Meissner;  to  each  or  both  of 
these  the  automatism  tjf  the  peristaltic  movements  has  been  re- 
ferred. Yet  in  the  ureter,  wh<tse  periataltic  waves  of  contraction 
closely  resemble  that  of  the  intestine,  automatism  is  evident  in 
the  middle  third  of  its  length,  even  when  completely  inolateil ;  in 
which  region  (in  the  rabbit,  at  least),  according  to  Kuglemann, 
ganglia — and,  inrleed,  nerve-cells — are  entirely  absent. 

ThuH,  while  in  the  spinal  cord  there  is  <iuubt  whether  purely 
automatic,  t)S  stringently  distinguished  from  reflex,  actions  take 
place,  in  the  ease  of  the  sporadic  ganglia,  the  uncertainty  is 
whether  the  clearly  autom.'itic  movements  of  the  organs  with 
which  the  ganglia  are  associated  are  due  to  the  nerve-cells  of  the 
ganglia,  or  to  the  muscular  tissue  itself. 

Keflex  Actions.— The  spinal  cord  ofiers  the  best  and  most 
numercais  examples  of  reHex  actii>n.  In  fact,  re6cx  action  may 
be  said  to  be,  par  cxrtllenee,  the  function  of  the  spinal  cord  ;  and 
the  gray  matter  of  the  spinal  cord  may  be  broadly  consitlered  as 
a  multitude  of  reilfx  centres.  We  have  here  to  ctiubider  the  cord 
merely  in  its  general  aspects;  and  nmst  }K»8tpoue  the  8|>ecial 
conBiilenition  of  the  particular  form*;  of  reflex  action  which  it 
exhibits,  aa  they  come  before  us  in  various  connections,  or  until 
we  have  to  deal  with  it  as  part  of  the  great  ceDtral  Dcrvoua 
machinerv. 

In  its  simplest  form  a  reflex  action  is  ns  follows:  All  the  ma- 
Qhiuery  it  demands  is  (tS;  a  aeutieut  surface  (external  or  internal), 
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connected  by  a  iensory,  or — to  adopt  the  more  general  and  bet- 
ter lernu — afl'erent  nerve,  with  (G)  a  central  nerve-cell  or  group 
of  connected  nerve-cells,  which  is  in  reluiion  by  means  of  a 
motor,  or  efi'erent,  nerve,  ornerves,  with  (M»a  mueclc,  or  muscles,] 
or  8omo  oiher  irritable  tissue  elements,  capable  of  responding  by 
some  change  in  their  condition,  to  the  advent  of  efferent  im- 
pulses.    (Fig.  30.)     The  aHerent  impuIseB  started  in  S,  passing 
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along  an  afferent  nerve  reach  the  centre  G,  are  there  transmuted 
into  elftTcni  impulses,  winch  finally  reach  M,  and  there  produce 
a  cognizable  eHect.  The  essence  of  a  r&tlex  action  consists  in 
the  transmutation,  by  means  of  the  irritable  protoplasm  of  a 
nerve-cell,  of  aflerent'into  etfcrent  impulses.  As  an  ajtprtjach  lo 
a  knowledge  of  the  nature  of  that  transmutatiun,  we  may  lay 
down  the  tullowing  propositions: 

Tfie  numbrr,  micnsily^  chttracter,  and  dutrthuiion  of  the  efferent 
impuU^s  are  detcnm'itea  chiefly  hy  the  events  uhich  take  place  in  the 
prvtoplajftti  of  Uie  reflex  centre.  It  is  not  that  the  afferent  impulse 
is  simply  rejlrctud  in  tlie  uerve-ccll,  and  so  bectimts  with  but  liule 
change  an  etierent  impulse.  On  the  contrary,  an  aflV'renl  impulse 
passing  alrmg  a  sini;le  sensory  fibre  may  give  rise  to  cHerenl  im- 
pulses passing  along  many  motor  nerves,  and  call  forth  the  tnost 
complex  movements.  An  instance  of  this  di8i)ropnrliou  of  the 
afferent  and  ffferont  impulses  is  seen  in  the  case  where  the  con- 
tact with  ihe  glottis  of  a  foreigu  btnly  so  insignificant  as  a  hair 
causes  a  violt'ut  tit  of  coughing.  Under  such  circumstancca  a 
slight  contact  with  the  mucous  membrane,  such  as  could  not 
pt)seibly  give  rii<e  to  anything  mnrc  than  few  antl  feeble  inifiulscs, 
may  cause  the  dischaige  of  so  many  elfercnt  impulses  along  so 
many  motor  nerves,  that  not  only  all  the  respiratory  musules, 
but  almost  all  the  muscles  of  the  Dody,  arc  brought  into  action, 
Similar,  though  less  striking,  instances  of  how  iuconimensurate 
are  afferent  and  efferent  impulses  may  be  seen  in  nmst  reHex 
actions.  In  fact,  the  afferent  impulse,  when  it  reaches  the  pro- 
toplasm of  the  nerve,  produces  there  a  series  of  changes — of 
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explneivc  disturbnnces — which,  except  that  the  nerve-cell  does 
ni»t  in  any  way  change  iu  form,  may  be  likened  to  the  explosive 
chiingoft  in  a  [niigclc  un  the  arrival  of  an  impulse  along  it£  motor 
nerve.'  The  changes  in  a  nerve-cell  during  reflex  action — we 
might  say  during  any  form  of  activity — far  more  closely  resemble 
the  changes  during  a  muscular  contraction  than  those  which 
accotupany  the  passage  along  a  nerve  of  either  an  aiferciit  or 
eflerent  impubc.  The  simple  passage  along  a  nerve  is  accom- 
panied by  little  expenditure  of  energy;  it  neither  gains  nor  loses 
force  to  any  great  extent  as  it  progresses.  The  transmutation  iu 
a  nerve-cell  ia  most  probably  (though  the  direct  proofs  are,  per- 
haps, wanting)  accompanied  by  a  large  expenditure  of  energy, 
and  a  simple  nervous  impulse  in  sutToring  the  transmutation  in  a 
central  nervous  organ  may  accumulate  in  intensity  to  a  very 
remarkable  extent,  as  in  the  case  of  strychnia  poisoning. 

The  nature  of  the  rfff^renl  hnpuUeJi  w,  howt:ver,  determined  also 
by  the  nature  of  tJie  afferent  impids&s.  The  nerve-centre  remaining 
in  the  same  condition,  the  stronger  or  more  numerous  impulses 
will  give  rise  to  the  more  forcible  or  more  comprehensive  move- 
ments. Thus,  if  the  flank  of  a  brainless  frog  be  very  lightly 
touched,  the  only  reflex  movement  which  is  visible  is  a  slight 
twitching  of  the  muscles  lying  immediately  underneath  the  spot 
of  skin  stimulated.  If  the  stimulus  be  increased,  the  movements 
will  spread  to  the  hind-leg  of  the  same  side,  whidi  frequently 
will  execute  a  movement  calculated  to  push  or  wipe  away  the 
stimulus.  By  forcibly  pinching  the  same  spot  of  skin,  or  other- 
wise increasing  the  stimulus,  the  resulting  movements  may  be  led 
to  embrace  the  fore-leg  of  the  same  side,  then  the  opposite  side, 
and,  finallv,  almost  all  the  musclos  of  the  body.  In  other  words, 
the  disturhauce  set  going  iu  the  central  nerve-cells,  confined, 
when  the  stimulus  is  slight,  to  a  few  nerve-cells  and  to  a  few 
nerve-libra^,  overjlowif,  so  to  speak,  when  the  stimulus  is  increased, 
on  to  a  number  of  adjoining  and,  we  must  conclude,  connectetl 
celts,  and  thus  throws  impulses  into  a  larger  and  larger  number 
of  efferent  nerves. 

Certain  rt'l(ttion8  may  be  obaervcd  bciwren  the  sentient  spot 
tttmulaied  and  the  resulting  movement.  In  the  simplest  cases  of 
retlex  action  this  relation  is  merely  of  such  a  kind  that  the  nius- 
clfB  thrown  into  action  are  those  governed  by  a  motor  nerve 
which  is  the  fellow  of  Ihe  sensory  nerve,  the  stimidation  of  which 
calls  forth  the  movement.  In  the  more  CDmpIex  reflex  actions 
of  the  brutnless  fro^r,  and  in  other  cases,  the  relation  is  of  such  a 
kind  that  the  resulting  movement  bears  an  adaptation  to  the 

'  The  iiiieslion  ns  to  how  Tiir  th«se  proeeaiei  in  the  ccDtr*!  celli  are  oonnftoted 
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ioiulue:  the  r(K>t  is  willuirawii  froni  the  atiiuulua,  or  the  move- 
ment is  calcututcd  to  push  or  vvi{>e  away  the  stimulus.  Id  other 
wunU,  a  cortaiu  purport  it*  evident  in  the  retiex  aotion. 

TliUK,  in  nil  onses,  except,  porlin[t9,  the  very  plniplest,  the  mnve- 
tuenta  cul]e<I  iorlh  by  a  reflex  itciion  atf  fxceediui'ly  complex, 
eora[>are(l  with  thoHe  which  result  i'roai  the  direct  Htiniulatiou  of 
a  motor  trunk.  When  the  peripheral  stump  of  ii  divided  sciatic 
nerve  is  stimulated  with  the  interrupted  current,  the  muHclea  of 
the  leg  are  at  once  thrown  into  tetanus,  continue  in  the  same 
rigid  c<tu<litinn  during  the  passage  of  the  current,  and  relax  itn- 
mediately  uu  the  current  being  shut  off.  When  the  same  current 
is  applied  for  a  second  only,  to  the  skin  uf  the  flank  of  a  brain- 
leas  frog,  the  leg  is  drawn  up  and  the  iuot  rapidly  uwept  over  thu 
spot  irritated,  as  if  to  wipe  away  the  irritation;  but  this  move- 
ment is  a  complex  one,  re<juiring  the  contraction  of  particular 
nmaeles  in  a  dctinite  sequenc*',  with  a  carefully  adjuste^l  propor- 
tion between  the  amounts  of  contraction  of  the  individual  mus- 
cles. And  this  complex  movement,  this  balanced  and  arranged 
series  of  ctrntractions,  may  be  repeated  more  than  once  as  the 
result  of  a  t^iugle  stimulation  of  the  skin.  When  a  deep  breath 
is  caused  by  a  dash  of  cold  water,  the  same  courdinuted  and 
carefully  arranged  series  of  contractions  is  also  seen  to  result,  as 
part  of  a  reflex  action,  from  a  simple  stimulus.  And  many  more 
examjiles  might  be  given. 

In  such  cases  as  these,  part  of  the  complexity  may  be  due  to 
the  fact  that  the  stimulus  is  applied  Lu  terminal  sensory  organs, 
and  not  directly  Ui  a  nerve-trunk.  As  we  shall  see,  in  s{)caking 
of  the  senses,  the  impulses  which  are  generated  by  the  applica- 
tion of  a  stimulus  to  a  sensory  organ  are  more  complex  than 
those  which  result  from  the  direct  stimulation  of  a  i«cnsory  nerve- 
trunk.  Nevertheless,  retiex  actions  of  great,  if  not  of  e^ual,  com- 
plexity may  be  iaduce<i  by  stimuli  applied  directly  to  a  nerve- 
trunk.  We  are,  therefore,  obliged  to  c<mclude  that  iu  a  retlex 
actiou,  the  proccssca  which  are  originated  iu  the  central  nerve- 
cells  by  the  arrival  of  even  simple  impulses  ahmg  aflerent  nerves 
may  be  highly  complex ;  and  tliat  it  is  the  constitution  and  con- 
dition of  the  nerve  cells  which  determine  the  complexity  and 
character  of  the  movements  which  are  aflfected.  In  other  wtirds, 
the  central  nerve-c<dlg  concerned  in  reflex  actions  are  to  be  rc- 
garde«i  as  constituting  a  sort  of  molecular  machinery,  the  character 
of  the  resulting  movements  being  determined  by  the  nature  of 
the  machinery  set  going  and  its  condition  at  the  time  being,  the 
character  and  amount  ofthe  afferent  impulses  determining  exactly 
what  parts  (»f  and  how  far  the  central  machinery  is  thrown  into 
acliou. 
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Actions  of  sporadic  Ganglia. — Seeing  that  iu  the  spinal  cord 
ibe  uervo-rellB  uij(loul)tvd]y  are  the  central  structureH  couc<*rued 
ill  the  pnnlucLioQ  of  re  tic  x  action,  it  is  only  natural  to  infer  that 
the  nerve-cells  uf  the  8[>oradic  ganglia  possess  similar  functious. 
Yet  the  evidence  of  this  is  at  present  of  very  limited  extent 
With  regard  to  the  ganglia  on  the  posterior  roola  of  the  spinal 
nerves,  all  the  evidence  goes  to  show  that  these  possess  no  power 
whatever  of  reflex  action.  Of  the  larger  ganglia  visible  to  the 
naked  eye,  such  as  the  ciliary,  otic,  etc.,  we  have  indications  of 
reflex  action  in  one  only, viz.,  the  submaxillary;  and  these  indi- 
cations are,  as  we  shall  see  in  treating  of  the  salivary  glands, 
disputed.  We  have  no  exact  proof  that  the  i^anglia  of  the  sym- 
pathetic chain,  or  of  the  larger  sympathetic  plexuses,  are  capable 
of  executing  retlex  actions. 

In  fact,  in  searching  for  reflex  actions  in  ganglia,  we  are  re- 
duced to  the  small  microscopic  groups  of  cells  buried  iu  the  midst 
of  the  tissues  to  which  they  belong,  such  aa  the  ganglia  of  the 
heart,  of  the  intestine,  the  bladder,  etc.  When  a  quiescent  frog's 
heart  is  stimulated  by  touching  iU  surface,  a  beat  lakes  place. 
This  beat  is,  as  we  shall  see,  a  complex,  coordinated  movement, 
very  similar  to  a  retlex  action  brought  aijout  by  means  uf  the 
spinal  cord  ;  and  in  iis  prriduction  it  is  nrobablc  that  the  cardiac 
ganglia  are  in  some  way  concerned.  When  a  quiescent  intestine 
18  touche<i  or  otherwise  stimulatwl,  peristaltic  action  is  set  up. 
Here  again  the  ganglia  present  in  the  intetitinal  walls  may  be 
supposed  to  play  a  part ;  but  this  movement  is  much  more  simple 
than  the  beat  of  the  heart,  and  as  regards  it,  and  more  especially 
as  regards  the  similar  i»eristaltic  action  of  the  ureter,  it  becomes 
difficult  to  distinguish  notween  a  movement  governed  bv  ganglia, 
and  one  produced  by  direct  stimulation  of  the  muscular  tibrea. 
Wo  have  seen  that  the  great  distinction  between  a  retlex  action 
and  a  movement  caused  by  direct  stimulntiou  of  a  nerve  or  of  a 
muscle  lies  in  the  greater  complexity  of  the  former  *.  and  we  may 
readily  imagine,  that  by  continued  simpliBcation  of  the  central 
nervous  machinery,  the  two  might  in  the  end  become  so  much 
alike  as  to  be  almost  indistinguishable. 

In  the  vertebrate  auimal,  then,  the  chief  seat  of  reflex  action 
is  the  spinal  cord  and  brain.  We  say,  "and  brain,"  because,  as 
we  shall  aee  later  on,  the  brain,  in  addition  to  its  automatism,  is 
as  busy  a  field  of  retlex  action  as  the  spinal  cord. 

Inhibition. — In  speaking  of  retlex  action,  we  took  it  for  granted 
that  the  spinal  cord  wils,  at  the  moment  of  the  arrival  of  the 
afferent  impulses  at  the  central  nerve-cells,  in  a  quiescent  state  ; 
thai  the  nerve-cells  themselves  were  not  engaged  in  any  auto- 
matic action.     We  were  justified  in  doing  so  because,  as  far  as 
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the  muscles  generally  of  the  bcxiy  are  concerned,  the  spinal  cord 
m  in  a  braiule^^s  fmg  peH'ectly  (luiescent ;  an  afferent  impulse 
reaching  an  ordinary  norvo-ccil  of  thfi  spinal  cord  does  not  find 
it  preuccupied  in  dis-charging  erterenl  impulse*  to  the  muscles 
with  whii;n  by  nieaus  of  uerve-fil)re8  it  is  connected.  But  what 
happens  when  atterent  impulses  reach  a  nerve-cel!  or  a  group  of 
nervti-cellij  already  ungated  in  automatic  action? 

We  heve  already  referre*!  to  an  auti^niatic  respiratory  centre 
in  the  medulla  oblougata.  We  may  here  premise  what  we  shall 
show  more  in  detail  hereaflcr,  that  tbe  pncumoKUstric  nerve  is 
peculiarly  associated  aa  an  afferent  nerve  with  this  respiratory 
centre.  Now  if  tbe  central  end  of  the  divided  pneumogaatric 
be  stimulated  at  tbe  time  when  the  respiratory  centre  ia  engaged 
in  its  accustomed  rhythmic  action,  sending;  out  complex  coordi- 
nated impulsofl  of  inspiration  (and  of  expiration)  at  regular 
intervals,  one  of  tw!>  things  may  happen,  the  choice  of  events 
being  determined  by  circumstances-which  neeii  nut  be  ennsidered 
here. 

The  moHt  striking  event,  and  tbe  one  which  intere^t^^  us  now, 
is  that  the  respiratory  rhythm  u  aloioed  or  dopprtd  altogether. 
That  is  t(»  say,  atferent  impulses  which,  under  ordinary  condi- 
tions, would,  on  reaching  a  quiescent  nervitus  centre,  give  rise  to 
movement,  may,  under  certain  conditions,  when  bnmght  to  bear 
on  an  alreatly  active  automatic  uervoua  centre,  check  or  stop 
movement  by  interfering  with  the  production  of  efferent  im- 
pulses iu  that  centre.  This  stopping  or  checking  an  already 
present  action  is  spoken  of  as  an  '*  iubihition ; "  and  tbe  effect  of 
the  pneumogaatric  in  this  way  on  the  respiratory  centre  is  spoken 
of  as  •'  the  inhibitory  action  of  the  pneumogastric  on  the  re- 
spiratory centre." 

The  other  event  is  that  tbe  respiratory  rhythm  is  accelerated. 
We  shall  hereafter  discuss  tbe  explanation  of  the  two  events. 
We  may,  however,  state  that  according  to  one  view  the  pneurao- 
gastric  contains  among  its  afferent  tibres  two  sets,  which  are 
either  of  a  different  nature  from  each  other,  or  are  so  differently 
connected  with  tbe  respiratory  centre,  that  impulses  arriving 
along  one  stop,  while  those  arriving  along  the  other  quicken  the 
action  of  that  centre.  Hence,  the  one  set  is  calletl  "inhibitory," 
the  other  "accelerating"  or  "augmenting"  fibres.  But  we  are 
concerned  at  present  only  with  the  fact  that  the  stimulation  of 
A  nerve  may  produce  either  inhibitory  or  augmentative  effects. 

Similarly  the  vaso-motor  centre  iu  the  medulla  may,  by  im- 
pulses arriving  along  various  afl'erent  tracts,  be  inhibited,  during 
whieh  the  muscular  walls  of  various  arteries  are  relaxed ;  or 
augmented,  whereby  the  tonic  contraction  of  various  arteries  i^ 
increased. 
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The  tnoet  striking  instaDce  of  iuliibition   is  ofl^ered   by  tl 
heart.     If  when  the  heart  is  beating:  well   and  regularly,  the 

fmeutnogaetric  be  dividei],  aud  the  |)eri|iheral  porli(»D  be  etiiuu- 
ateii  even  for  a  very  short  time  with  an  interrupted  curreot. 
the  heart  is  immediately  brought  to  a  staudstill.  Its  beats  are 
arrtsted,  it  lies  perfectly  flaodd  and  molidnlt'ss,  and  it  ia  aot  till 
after  some  little  time  that  it  recomnienees  its  beat.  Here,  again, 
it  Ih  ue^ually  said  that  tlio  pneumogUHtriL-  coutaius  elfereut  cardio- 
iuhibitory  fibres,  impulses  passiug  along  which  from  the  medulla 
Httip  the  automatic  uetious  of  the  cardiac  ganglia;  the  respira- 
tory inhibitory  fibres  of  the  Ramo  nerve  are  afferent — i.  i^.,  im- 
pulges  pasa  along  them  up  to  the  medulla.  [Recent  experiments 
seem  to  indicate  that  quinine  diminishes  reflex  action  mainly  by 
a  stimulation  of  the  cardiac  peripheries  of  the  pneumogastric 
nerves.] 

Though  inhibition  is  most  clearly  seen  in  the  case  of  autfimatic 
actions,  other  actions  may  besimilarlv  inhibite<l.  ■  Thus^  as  we 
shall  see  later  on,  the  reflex  actions  of  the  spinal  cord  may,  by 
appropriate  means,  be  inhibited. 

fu  sum  up,  then,  the  most  fundamental  properties  of  nervous 
tissues. 

Nerve-fibres  are  concerned  in  the  propagation  only,  not  in  the 
origination  or  transformation  of  nervous  impulses.  As  far  as  is 
at  pre!*ent  known,  impulses  are  propagated  in  the  same  manner 
along  both  sensory  and  motor  nerves.  Sensory  impulses  differ 
from  motor  imputes  inasmuch  as  the  former  are  generated  in 
sensory  organs,  and  pass  up  to  the  central  nervous  cells,  while 
the  latter  pass  from  the  central  nervous  cells  to  the  muscles  or 
to  gome  other  peripheral  organs. 

The  operations  of  the  nerve-cells  are  either  automatic  or  reflex. 
In  both  an  automatic  and  a  reflex  action,  the  diversity  and  the 
coordination  of  the  impulfics  are  determined  by  the  condition  of 
the  nerve-cells.  During  the  passage  of  an  impulse  along  a 
nerve  fibre,  there  is  no  augmentation  of  cuergj* ;  in  passing 
through  n  nerve-cell,  the  augmentation  may  be,  and  generally 
is,  most  considerable. 

When  pfferent  impulses  roach  a  centre  already  in  action,  the 
activity  of  that  centre  rnay,  according  to  circumstances,  be  either 
depressed  or  exalted,  may  be  '*  inhibited  "  or  **  augmented." 


CHAPTER    IV. 


THK  VASCULAR  MECHANISM. 

IN  onier  that  the  blood  niay  be  a  satisfactory  medium  ui'  oom- 
municatioD  between  nil  the  tissues  of  the  body,  two  things  are 
necetiBury.  In  the  tirst  place,  there  muBt  be  through  all  parts  of 
the  body  a  flow  of  blood,  of  a  certain  nipidity  and  general  con- 
stancy. In  the  second  place,  tliis  flow  must  be  susceptible  of 
both  general  and  Irtcal  niodificatinns.  lu  order  that  any  tissue 
OP  prgan  may  readily  adapt  itself  to  changes  of  circumstances 
(action,  repose,  etc.  j,  it  is  of  advantage  that  the  quantity  of  blood 
passing  tu  it  should  be  not  abstduudy  constant,  but  cnpable  of 
variation.  In  onier  that  the  material  e<.]uilibrium  of  the  Imily 
may  be  maintained  iw  exactly  as  pna.-ible,  it  is  deairulde  that  the 
loading  of  the  blood  with  substances  proceeding  from  the  un- 
wonted activity  of  any  one  tissue,  should  be  accompanied  by  a 
greater  flow  of  bloud  through  some  excretory  or  metabolic  tissue 
by  which  these  substances  may  be  removed,  t^imilarly  it  is  of 
advantage  to  the  bo<ly  tliat  the  general  flow  of  blood  should  in 
some  circumstances  be  more  energetic,  and  in  others  less  so,  than 
normal. 

The  first  of  these  conditions  is  dependent  on  the  mechanicaJ 
and  physical  properties  of  the  vascular  mechanism  ;  and  the 
problems  connected  with  it  are  almost  exclusively  mechanical  or 
physical  problems.  The  second  of  these  conditions  depends  on 
the  intervention  of  the  nervous  system ;  and  the  problems  con- 
nected with  it  are  essentially  physinlo^icnl  [iroblemc. 


I    TlIK   I'UVMl  AJ.  I'llKNuMKNA  uF  THE  CIRCULATION. 


Tiie  apparatus  concerned  in  the  maintenance  of  the  normal 
flow  is  comiMjsed  of  the  following  factors: 

1.  The  heart,  beating  rhythmically  by  virtue  of  its  cimtrac- 
tiJity  and  intrinsic  mechanisms,  and  at  enclk  beat  discharging  a 
certain  quantity  of  blood  into  the  aorta.  For  simplicity's  sake 
we  omit  for  the  present  the  pulmonary  circulation.  [For  the 
physiological  anatomy  of  the  heart,  see  subs€(|uent  pages.] 

2.  The  arteries,  highly  elastic   throughout,  with   a   circular 
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muscular  element  inureosing  in  relative  importance  as  the 
arteries  tliiuini^h  iu  size.  It  must  not  be  forgotten  that  the  mus- 
cular element  is  aUo  elastic. 

[The  walls  of  the  arteries  consist  of  three  coats,  calle*]  respec- 
tively the  internal,  middle,  and  external.  The  inner,  or  serous 
coal,  conaiftts  of  ad  internal  layer  of  ovoid  or  fusiform,  nucleated 
epithelial  cells,  resting  upon  a  longitudinal  layer  of  elastic  fibres, 
which,  on  account  of  its  reticulated  appearance,  is  termed  the 
Jtnedraied  membmne.  In  the  middle  sized  arteries  the  inner  coat 
is  incretieed  in  tiiickuesa  by  the  addition  of  connective  tissue  and 
elastic  fibres  between  the  epithelium  layer  and  the  fenestrated 
membrane. 

The  middle  or  muscular  coat  varies  both  in  character  and 
thickness  accfmling  to  the  size  of  the  vessel.  In  the  smallest 
arteries  this  coub  muy  be  altogether  absent,  or  merely  exist  as  a 
delicate  muscular  layer.  In  large  arteries  there  may  be  three 
or  four  muscular  layers.  In  still  larger  vessels,  like  the  femoral, 
numerous  alternate  layers  of  clastic  and  muscular  tissues  are 
present.  In  the  great  vessels  of  the  heart  the  elastic  tissue  much 
predominates,  the  muscular  element  being  proportionately  less. 
The  general  arrangement  of  the  fibres  of  the  middle  coat  is  in  a 
transverse  direction. 

The  external  coat,  or  tunica  advcniUin,  is  composecl  principally 
of  connective  tissue,  having  intermingled  with  it  a  greater  or  less 
pro|K)rtion  of  elastic  fibres.  Jn  arteries  of  medium  size,  the  ex- 
ternal coat  is  compose!  I  of  two  layers,  an  internal  elastic  and  a 
8U[>enmposed  connective  tiaiue.  In  stnallcr  arteries,  the  elastic 
tissue  entirely  disappears,  and  the  dmneclive  tissue  alone  forms 
the  coat. 

The  arteries  are  generally  enchwed  in  a  fibro-areolnr  envelope, 
which  is  termed  a  sheath.  The  sheath  is  generally  a  prolonga- 
tion or  continuation  of  the  fascia  of  the  particular  part  through 
which  the  vessel  runs  or  is  distributed. 

Alter  an  artery  is  ligatcd,  if  the  ligature  be  severed  and  the 
vessel  opened,  it  will  be  seen  that  the  internal  and  middle  coats 
have  been  rupture<l,  ami  that  the  external  coat  alone  remains 
intact,  by  reason  of  its  comparative  toughness. 

The  principal  interest  to  the  physiologist  in  the  anatomy  of 
the  arteries  lies  in  the  middle  coat,  which,  on  accf)unt  of  its  mus- 
cular and  elastic  element,  plays  a  very  imj>ortaut  part  iu  tlie 
pulse,  arid  in  the  passage  of  the  current  of  bloixl  through  the 
body  of  the  capillaries.] 

When  an  artery  <livides,  the  united  sectional  area  of  the 
branches  U,  as  a  rule,  larger  than  the  sectional  area  of  the  stem. 
Thus,  the  Collective  capacity  of  ihc  arlt'ries  is  continually  (and 
rapidly,^  increasing  from  the  heart  towards  the  capillariee.     If 
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ftll  the  arterial  branchea  were  fused  together,  they  wotihi  form  a 
fuDuel,  with  lis  a[>ex  at  the  aorta.  The  united  Beclioual  area  of 
the  capillaries  has  been  calculated  by  Vierordt  to  amount  to 
aeveral  (eight?)  buudred  times  that  of  the  aorta. 

3.  The  capillaries,  channels  of  exceedingly  small  but  variable 
size.  [They  average  about  the  yjg  of  a  nira.  iu  diameter,  and 
pervade  nearly  all  fiortions  and  lieeuea  of  the  body,  forming  a 
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complex  interlacement  of  nnnstomoses  which  are  found  between 
the  terminal  ende  of  the  arterioles  and  the  beginnings  of  the 
veins.     (Kig-  'il.) 

In  structure,  the  minutest  capillaries  are  corapoaed  of  a  simple- 
wall  of  ovoid,  fuaiform,  or  irregularly  shaped  nucleated  cj'itlieltnl 
cella.  i^i^.  32.)  In  larger  capillaries  they  have  also  a  delicate, 
transparent,  structureless  basement-membrane.  Tiie  lines  of 
juncture  of  these  epithelium  cells  can  be  brought  out  in  a 
microscopical  j>reparation  with  silver  nitrate,  which  stains  ihem 
black. 

The  form  and  intricacy  of  the  capillary  plexuses  in  the  different 
tifi&ues  depend  principally  upou  the  functional  relation  which  the 
blood  bears  to  the  part,  anti  to  the  molecular  arrangement  of  the 
cells  composing  the  organ  or  tissue.  Thus,  where  respiratory 
changes  in  the  blood  are  moat  active,  the  plexuses  are  relatively 
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more  intricate.  This  is  also  the  caac  in  the  glands,  where  the 
blood-supply  is  necessarily  very  great.  Where  the  vessels  merely 
convey  blnod  for  uutritive  purposes^  the  plexuses  are  much  sim- 
pli6ed.     Four  of  the  ditTereat  forms  of  capillary  meshes,  which 
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arc  de[>eudeut  principally  upon  pcculiaritiet^  in  the  molecular 
arrangement  of  the  lisaue  elements,  arc  shown  in  the  accompany- 
ing Figs.  ;}3,  34,  35,  30.  Thus,  around  the  follicles  of  mucous 
membrane^  the  capillary  meshog  are  very  much  elongated  ;  in 
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the  pkin  nf  the  finj;er  they  are  wore  or  less  rounded,  etc.]  Their 
walls  are  elastic  i  ns  shown  by  their  behavior  during  the  passage 
of  blood- corpuscles  thnnigh  them),  exceedingly  thin  and  per- 
meable.    They  are  permeable  both  in  the  sense  of  allowing  tluids 
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to  pass  through  tbem  by  osmosis,  and  also  in  the  sense  of  allow- 
ing whit^  anil  reil  curpnsclps  t^)  traverse  theru.  The  small  arteries 
and  veins,  wtiich  graitually  pat-s  into  an. I  fVoni  the  capilluries 
properly  so  called,  are  similarly  permeable — the  more  8<»,  the 
smaller  they  are. 

4.  [The  V^einjf. — The  cuata  of  the  veins  arc  three  in  number, 
similar  to  those  of  the  arteries,  the  principal  diHereuce  to  the 
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physiologist  being  in  the  component  parta  of  the  middle  coat. 
This  coat  in  the  veins  coutaiD?  a  larj^er  propnrtion  of  connective 
tiflsiie,  with  a  smaller  proportion  of  muscular  and  elastic  fibres. 
An  artery,  when  empty,  retaine  its  rounded  form;  a  vein  imme- 
diately collapses.  This  is  due  to  the  abundance  or  ileHciency  of 
the  yellow  elastic  tisane  element,  as  the  case  may  be. 

The  arteries  are  active  agents  in  the  circulation  of  the  bjrmd ; 
the  veins  are  passive,  and  serve  as  channels  to  convey  the  hh>i>d 
from  the  capillaries  to  the  internal  organs. 

At  intervals,  ou  the  internal  surface  of  most  of  the  veins  pro- 
jecting semicircular  pouches  are  seen,  arranged  in  pairs,  opposite 
each  other.  These  pouches  are  the  valvfn  (Vi^».  87,  38)  of  the 
veins,  and  are  forn>ed  by  rednplicationa  of  the  internal  and 
middle  coats.  Their  fiinction  is  to  prevent  a  reflux  of  bhfod. 
The  veins  form  numerous  anastomoses;  if,  therefore,  a  vessel 
becomes  filled,  and  the  current  stagnated,  the  blooil  will  take  a 
different  channel,  as  is  shown  in  Fig.  'SH,  These  bloodvessels 
are  all  lined  with  pavement-epitlielium. 

The  walls  of  the  arteries  and  veins  are  supplied  with  nourish- 
ment by  small  vessels,  which  are  termed  the  i^taa  tntiforum.  These 
vessels  form  capillary  plexuses  in  the  middle  and  external  coats. 
The  portion  of  the  inner  coat  upon  which  the  epithelial  lining 
resta,  as  well  as  the  epithelium,  probably  receives  its  nourishment 
fnim  the  blood  which  courses  the  vessel.  The  arteries  are  sup- 
plied with  nerves  from  both  the  aymiiathetic  and  cerebro-spinal 
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fiystems ;  priaci  pally  from  the  former.     Am  a  general  rule,  nerves 
have  not  been  found  in  the  venoua  walla.] 

The  veins,  less  elar^tic  than  the  arteries  (the  diHerence  being 
especially  marke*!  when  both  seta  of  vessels  become  distended), 
and  with  a  very  variable  muscular  element.  The  united  sec- 
cional  area  of  the  veins  diminishes  from  the  capillaries  to  the 
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heart,  thus  resembling  the  arteries ;  but  the  united  sectional  area 
of  the  vensocnvniat  their  junction  with  the  right  auricle  is  greater 
than  that  af  the  aorta  at  its  origin,  i  The  proportion  is  nearly 
two  to  one.)  The  total  capacity  of  the  veins  is  similarly  much 
greater  than  that  of  the  arteries.  The  veins  alone  can  hold  the 
total  mass  of  blood  which  in  life  is  distributed  over  both  arteries 
and  veins.  Indeed,  nearly  the  whole  blood  is  capable  of  being 
received  by  what  is  merely  a  part  of  the  venous  system,  viz.,  the 
vena  portie  and  its  branches.  8uch  veins  as  are,  for  various 
reasons,  liable  to  a  rcHux  of  blood  from  the  heart  towards  the 
capillaries  are  provided  with  valves. 


8kc  1.— Mais  Gexkkal  Facts  ok  the  Circulation. 

1.  The  CapiUary  CSrtuliiiwi. 

If  the  web  of  a  frog's  f<K)t  be  examined  with  a  microsc^ipe, 
the  blooil,  as  judge^l  of  by  the  movements  of  the  corpuscles,  is 
seen  to  be  paseintf  in  a  continuous  stream  from  the  small  arteriee 
through  the  capillaries  to  the  veins  (Fig.  39).  The  velocity  is 
greater  in   the  arteries  than  in  the  veins,  and  greater  in  both 
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than  iu  the  capillaries.  In  tbc  arteries  faint  pulsations,  syn- 
chronous with  the  heart':j  heal,  are  occasionally  visihle,  and  not 
unfrequeully  variations  iu  velocity  and  in  the  distribution  of 
the  bli^xl,  duo  to  causes  which  will  be  hereafter  discussefl,  are 
witnesseil  from  time  to  time. 

The  flow    through   tlie  smaller   capillaries  is  very  variable. 
tSometimes  the  corpuscles  are  seen  passing  through  the  channel 
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ID  single  file  with  great  regularity ;  at  other  times  Lhey  may  be 
few  and  far  betwecu.  Sometimes  the  corpuscle  may  remain 
stationary  at  the  entrance  into  a  capillary,  the  channel  itself 
being  for  some  little  distance  entirely  free  from  corpuscles.  Any 
one  of  these  condition?  readily  passes  into  another,  and  especially 
with  a  somewhat  feeble  circulation,  instances  of  all  of  them  may 
be  seen  in  the  same  field  of  the  microscope.  It  is  only  when 
the  veesele  of  the  web  are  unusually  full  of  bloo<i  that  all  the 
capillaries  can  be  seen  efpmlly  filled  with  corpuscles.  The  long 
oval  red  corpuscle  moves  with  its  long  axis  parallel  to  the  stream, 
frequently  rotating  on  its  Umg  axis  and  aometimea  on  its  short 
axis.     The  flexibility  and  elasticity  of  a  corpuscle  are  well  seen 
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when  it  is  hein^  driven  into  a  capillary  nnrrower  than  itself,  or 
when  it  becomes  tempomrily  lotiged  at  the  angle  between  two 
diverging  channels.  The  Bmall  mammalian  corpuscles  rotate 
largely  as  they  are  driven  along. 

In  the  web  of  the  frog's  foot  the  average  velocity  with  which 
the  corpuscles  move  may  be  put  down  as  about  half  a  millimetre 
in  a  second.  In  the  human  retina^  the  velocity  of  the  capillary 
flow  huH,  by  indirect  methods,  been  estimated  at  0.75  mm.  per 
second.  The  movement  of  the  blood  in  the  capillaries  is  very 
slow,  compared  with  that  in  the  arteries  or  even  iu  the  veins. 

In  the  larger  ciipillaries,  and  especially  iu  the  email  arteries 
and  veioa  which  permit  the  passage  of  several  corpuscles  abreast, 
it  is  observed  that  the  red  corpuscles  run  in  the  middle  of  the 
channel,  forming  a  colored  core,  between  which  and  the  sides  of 
the  vessel  nil  round  is  a  layer,  which  has  been  called  the  "inert 
layer/'  or  better,  the  "  plasmatic  layer,"  containing  no  red  cor- 
puscles. This  division  into  a  plasmatic  layer  and  an  axial 
strejim  is  due  to  the  fact  that  in  any  stream  passing  through  a 
closed. channel  the  friction  Is  greatest  at  the  immediate  sides, 
and  dinunishes  towards  the  axis.  The  corpuscles  pass  where 
the  friction  is  least,  in  the  axis.  A  quite  similar  axial  core  is 
seen  when  any  fine  particles  are  driven  with  n  sufficient  velocity 
in  a  stream  of  fluid  through  a  narrow  tube.  As  the  velocity  is 
diminibbetl  the  axial  core  becomes  less  marked  and  4lisap]>earB. 
In  the  plasmatic  layer,  especially  in  that  of  the  veins,  are  fre- 
(luenlly  fccn  white  eorpuscles.  sometimes  clinging  to  the  sides  of 
tiio  vessel,  sometimes  rolling  slowly  along,  and  in  general  moving 
irregularly,  and  often  in  jerks.  The  greater  the  velocity  of  the 
flow  of  blood,  the  fewer  the  wliite  corpuscles  in  the  plasmatic 
layer,  ond  with  a  very  rapid  flow  they,  as  well  aa  the  red  cor- 
puscles, may  be  all  confiued  to  the  axial  stream.  The  presence 
of  the  white  corpuscles  iu  the  plasmatic  layer  has  been  attributed 
to  their  being  8i>ecifically  lighter  than  the  red  corpuscles,  it 
being  affirmed  that  when  fine  particles  of  two  kinds,  one  lighter 
than  the  »»ther.  are  driven  through  n  narrow  tube,  the  heavier 
particles  flow  iu  the  axis,  nnd  the  lighter  in  the  more  jR^riphcral 
portions  of  the  stream.  This,  however,  has  been  disputeil,  and 
the  phenomenon  explaiue<i  by  the  white  corpuscles  being  dis- 
tinctly more  adhet*ive  than  the  red,  aa  is  seen  by  the  manner  in 
which  they  become  fixed  to  the  glass  elide  and  cover-slip  when 
a  drop  of  blood  is  mounted  for  microscopical  exandnation.  By 
reason  of  this  aiihesiveness  which  possibly  may  vary  with  the 
varying  nutritive  conditi.rns  of  the  corpuscles  and  of  the  blood- 
vessels, the  white  corpuscles,  it  is  urged,  bectmie  tem|>orarily 
attached  to  the  walls  of  the  veesel.  and  conse({ueutly  appear  in 
the  plasmatic  layer. 
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^1  tliK  fippur  riglit-ltoAd  otfrocr  U  w*>ii,  vn  on  eafauitr*!  Kwlt*,  thn  r«r4itl  lalfrjr,  riuntti-^l  li> 
llio  fiirt?f|*  M,  wftli  III'-  tKipu  inn*i*  f  lylliK  hy  It*  riik.  Tin-  »rt*T?  ha»  lnwn  li|r«iurr<<l  M  T 
■tail  Uii'  ^liM*  •'muuIa  I-  liiin  U  I'll  iiillii>lt»'v>l  iiiUi  Iliw  n(1t'f7  U'tM'i'«'ti  tliv  (IsMtnn' f  ami  lhi< 
r)>rrr|w  M,  uiiit  erctinMl  In  |Hie|tlnii  hv  Ilia  llfpiturr  (.  Tlic  «tin)i)kon  Kr1«'rr  on  Ili«  iU<4itl  idUi' 
iif  tb*-  mliiil*  i>  tei^ti  al  vt'. 

)i.b.  !■  u  Ihix  niuliUniiiif  n  iiulUi'  huliUufi  h  MlunitHl  mIiiUiui  uf  inmIiuui  rjuiuuiilp  ur-ii  wUn- 
U«n  i>r  willlMTM  MtwrifoOAt**  o1  •{■.  tn*-  1*K*^  i^nil  ("diaMo  uf  )>niiic  nti<H-«l  or  |ri«rrr«l  nt  |ilit«itnri>. 
Till'  ••liillon  f1o%Hf  h>  ihr  IiiIm-  ;i7.  i^'KitliU'"'!  ''y  'lir  iliitni'  r".  Into  ||hi  tnU- 1.  A  •yrilHP*. 
vtith  »  f4»|*nNrk,  miir  U'  mlirtltiiloil  («r  llu-  l>»UIr,  uhI  MtbutK'il  nt  i:^^.  Tltl*.  intb«Mt  U  Iti 
iiiAity  ^^■•J>^••t« a  luiiff  iimvxnif uf  iiUu.     TIi*>  fiii<r  / 11  rimnf.i<«.i  with  thi*  l«i«i|«i»  tnl* (,  rtiitl 

Itiv  «tu|ic>H  k  r  wltll  till*  iniili><ni*'tvi-,  of  »)ik>.')t  fN  U  llir  •l>-H-«-li(llli|;  itnd  n>'  llic  uwi'tnllDg 
Ifiiili,  Miiil  •  till'  Mi)t[ii(rt.  TUt<  iniTTiiry  In  rlii*  •»*>»■  Uug  Uintt  U'ura  on  it*  •urfiutn  Ihr  OihU  .If., 
4  |iiii|t  ntl  titiulK-il  !••  wlitcli  i-  Wtv*\  Hlfli  tlir  i<*<n  p,  wiitiiiir  uq  thf>  r^ri'inllfig;  !iitrf«rr  r. 
Ttit<  i-lani|>  d..  nl'tlia  ctnl  of  tlir  ImIn<  t,  liiw  iiii  nrrmUEvnirnt  kHowii  un  a  birswr  acmli'  nl  (Im' 
rtfilit-tiniiil  ii|>|v>rmm4«r. 

Tbc  Ur-Mvridliif:  liib*>  nt  of  Hi*-  nminmu'Ivr.  Mi'l  thf  ml*  (  tteinjt  i'«iiii[r|ftp)y  flilfxl  alonn 
lb)  wltdlii  If  tiKth  will]  IfuM  tu  (lie  t'Xr-lu*luu  •>(  ttll  nb,  Ifan  uinuln  c  i»  fillinj  wIlli  lltiiil.  »li|ipnl 
jilt"  till'  ii|H>ii  i*iiil  iir  the  lliirk-wulliHl  ImMii-i-utilit'r  tiilw  i  until  It  mmlji  itM>  tuh)*  I  ivrhtMt- 
IHttilloii  wliliin  Ihr  Tii)|li^niMH<r  lutip  in  ^mwri  i-v  xhv  «K-ii<-*l  IIki*^).  Hihl  i*  ilM'ti  M^t'uiHv  flsixl 
in  tlilii  |Hi«(lli<>ii  l<Y  Ihf  (Ininp  W. 

Tlie  Miijflt-  kn  >  iiirl  <-"  arc  m'W  iipt-tiMl,  and  Hit.-  |iniMun>-l«>lllr  nilMtl  <«  floiil  tlritcti  In  lt> 
llie  nyrlriKi^  niitll  llic  iitft<  •u.'t  lu  llf  nMiitMiit:'!*^  U  rulwl  to  IIk  r>'<|iilnHi  |ii>lttl>l.  Thr*  t-Uni|i 
t^  In  tliKli  rl<i«uil,  nnil  thf*  riin-ri»  htt  n'tiMivnil  fmnt  Ihn  nrtm-y.  Tli**  |irn«nm-  nf  tlin  blotvl 
In  Uit>  mniUiI  r,t  K  !>■  ''••tMww)ih*tioo,  tir>>niclit  I'l  t>«<iti'  tliioitmli  I  ii|«iii  llir  lucmtry  hi  tltc 
iniuiimi«l«r. 

Tlie  reaiatuuri'  lu  tlie  flaw  oi'  bltxiii  thus  caused  by  tlie  friction 
generated  in  so  many  minute  passages,  is  one  of  the  most  im- 
portnnt  physical  t'ucts  iu  the  circulation.  In  the  lurgc  arteries 
the  friction  issmiill;  it  iucrenses  rs  they  divide,  and  receives  a 
very  great  addition  io  the  minute  arteries  and  capilluriet}.  We 
may  speak  of  it,  therefore,  as  the  "  peripheral  friction"  and  the 
resistance  which  it  oflers,  as  the  "peripheral  resistance."  It 
nccil  perhaps  hnrdty  be  said  that  this  peripheral  friction  not 
only  op[K)se8  the  flow  of  bhxKl  through  the  capillaries  themselves, 
hut  working  backwards  along  the  whole  arterial  system,  has  to 
be  raei  by  the  heart  at  each  systole  (tf  the  ventricle. 

It  is  well  known  ihut  whin  any  portion  of  the  skin  is  pressed 
upon,  it  beconie»  pule  and  bloodless;  this  is  due  to  the  pressure 
driving  the  blowJ  out  of  the  capillaries  and  minute  vessels,  and 
preveuting  any  fresh  blood  entering  into  them.  I5y  carefully 
investigating  the  amount  of  pressure  necessary  to  prevent  the 
blood  entering  the  caftillaries  and  minute  arteries  of  the  web  of 
the  frog's  foot,  or  of  the  skin  beneath  the  nail  in  man  or  else- 
where, the  inlemnl  pressure  which  the  blood  i.-  exercising  on  the 
walls  of  the  capillaries  and  minute  arteries  and  veins,  may  be 
approximately  determined.  In  the  frog's  web  this  has  been 
found  to  be  equal  to  about  7  or  11  mm.  mercury. 
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2.   The  Fhw  in  the  ArtcrUjf. 

When  an  artery  is  severed,  the  flow  from  the  proximal  section 
is  not  etjuable.  but  comes  in  jeta,  which  correspond  to  the  heart- 
beat?, though  the  flow  does  not  cease  between  the  jets.  The  blood 
is  ejected  with  considerable  (orre ;  thus,  in  Dr.  iStepheu  lialea's 
experimenls,  when  the  crurat  artery  of  a  mare  was  severed,  the 
jet,  even  after  much  loss  of  blood,  rose  to  the  height  of  two  feet. 
The  larger  the  artery  and  the  nearer  to  the  heart,  the  greater  the 
force  with  which  the  blotxJ  issues,  and  the  more  marked  the 
iotermittence  of  the  flow.  The  flow  from  the  distal  section  may 
be  very  slight,  or  may  take  place  with  considerable  force  and 
marked  intermiLleuce,  according  to  the  amount  of  collateral 
communication. 


Arterial  Preaaure.— If  a  mercury  (or  other)  manometer  (Fig. 
40,  m,  ill }  be  connected  with  a  large  artery — c.  g.,  the  carotid,  in 
such  a  way  that  while  the  blood  is  allowed  to  flow  uninterruptedly 
along  the  artery,  there  is  free  communication  between  the  interior 
of  the  arterv  and  the  proximal  idesceuding)  limb  of  the  man- 
omelt^r,  the  following  facts  are  observed  : 

Imme<Jiately  that  communication  is  established  between  the 
interior  of  the  artery  and  the  manomeler.  blood  rushes  from  the 
former  iuto  the  latter,  driving  some  of  the  mercur}'  from  the  de- 
scending limb  into  the  ascending  limb,  and  thus  causing  the  level 
of  the  mercury  in  the  ascending  limb  to  rise  rapidly.  This  rise 
18  marked  by  jerks  corresponding  with  the  heart-beata.  Having 
reached  a  certain  level,  the  mercury  ceases  to  rise  any  more.  It 
doea  not,  however,  remain  alwolutely  at  rest,  but  undergoes  oscil- 
lations; it  keeps  rising  and  falling.  I-Iach  rise,  which  is  very 
slight  compared  with  the  total  height  to  which  the  mercury  has 
risen,  has  the  same  rhythm  as  the  systole  of  the  ventricle.  Simi- 
larly, each  fall  corresponds  with  the  diastole. 

If  a  float,  swimming  on  the  top  of  the  mercury  in  the  ascend- 
ing limb  of  the  manometer,  and  bearing  a  brush  or  other  marker, 
be  brought  to  bear  on  a  travelling  surface,  some  such  tracing  as 
that  represented  in  f^ig.  41  will  be  described.  Kach  of  tlie  smaller 
curved  (p,p)  correapomls  to  a  heart-beal,  the  rise  corresponding 
to  the  systole  and  the  fall  to  the  diastole  of  I  he  ventricle.  The 
larger  undulations  I'r,  n  in  the  tracing,  which  are  respiratory  in 
urigin,  will  Ijc  ^liscuseed  hereafter.  This  observation  leachefl  us 
that  the  bIo(Ml,  as  it  is  passing  along  the  carotid  artery,  is  capable 
uf  supporting  a  column  of  mercury  of  a  certain  height '  measure*! 
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by  the  difference  of  level  between  the  mercury  in  the  deecendiog 
limh,  and  that  in  the  ascending  limb,  of  the  manompter\  whe^ 
the  nitrcury  is  placed  in  direct  c^niiiiunicatirm  with  the  side  of 
the  fltreuin  of  bluiMl.  In  other  words,  the  bh)i)d^  aa  it  passes 
through  the  artery,  exerts  a  lateral  pressure  on  the  sides  of  the 
artery,  equal  to  so  many  niilliiuetresof  mercury.     lu  this  lateral 

f»re88ure  we  have  further  to  distinguish  between  the  slighter  oscil- 
ations  corresponding  with  the  heart-beats,  and  a  t«eau  jyrcMure 
above  and  below  which  the  oscillations  range.  A  similar  mean 
pressure  with  similar  oscillations  is  fouod,  when  any  artery  of 


^^^  Tim  MnklU'r  curytM 

r  iiii'liiliUiotL 

F  ti 


Fio.  41. 


TaA<;iiru  nr  Aktkbiu.  TiiNwiiiLK  witu  a  MnWKT  Hakomiftkn. 

pp  are  tltv  |xiU>^-urY«».  The  ■(Kca  fhini  r  lu  r  mmltrwcx*  m  xvfl|>tmliM-> 
I  iii)£  M  iitkiT)  froin  b  iUit,  snui  tba  trrof^iUiiUM  viitible  In  It  urn  Ui<n«- 
(1  tliU  aniiiLal. 


fl  with  1(1  tliU  aniliLal 


the  body  is  exaroioed  in  the  same  way.  In  all  arteries  the  blood 
exerts  a  certain  pressure  on  the  walls  of  the  vessels  which  contain 
it.  This  is  generally  spoken  of  as  arterial  pressure  or  arterial 
tension,  and  the  pressure  in  the  aorta  of  any  animal  is  usually 
spoken  of  as  its  bluod-prcssure. 

Description  of  Experiment. — The  rarotid,  ot  other  vessel,  U  Uid 
bure,  t-liimped  in  two  plnce-i,  unj  divided  tielwecn  ihe  clumps.  Into  the 
cut  ejidd  i«  iiiherled  n  hoUuw  h  pii'c«  uf  tbc  snniu  horc  ns  the  artery,  the 
cnt&i  poi'iioii  forming  iho  ouhtinunlion  of  the  uriery.  The  oilier  pitrtii»n 
U  connected  by  m^Hns  of  a  non-clHttic  flr.xtMc  tube  with  the  descending 
limb  of  tlie  niiinonmter.  In  order  to  nvoid  U*u  of  blood,  duid  if  injected 
ititi)  Ihfl  flexibUt  lube  until  the  meri'tiry  in  ihn  nmnonietRr  nUndR  a  very 
liule  l>elow  wlirit  rnny  be  iK^forehand  finessed  at  as  the  nrobnblc  mean 
presjture.  The  fluid  I'honei)  is  ii  saturated  «oliiLion  of  »odiiiui  cHrboriate, 
or  a  solution  i»f  »(idiiini  bit-HrbunaK*  uf  sp.  j;r.  1083,  with  a  view  lo  hinder 
the  coagulation  of  tho  blood  in  the  lub<*.  Wben  the  claiupa  are  remored 
from  the  nrtery,  the  Moud  niches  through  the  cro»6ur  the  H  piece.  Some 
pa»Be«  into  xhtf,  «id*^  limb  of  the  H  piece,  and  cnnlinucs  to  do  so  until  the 
mean  profsiiro  isquite  reached.  Thenceforward  there  h  no  moreetcipe; 
liiit  Ui>>  pre!>«ure  coniinuea  in  the  interior  of  the  H  piece,  is  transmltied 
alnn^  tht>  c'tnnrctini;  tu>m  to  the  ntanonit'tvr,  and  the  mt*nMiry  continuM 
ti>  stand  ni  a  hei^lil  indicative  of  the  mctin  prc»6ure,  with  o.«citlatlona 
corresponding  to  the  heart's  lioalo.     I'mctifally,  the  ii«c  of  the  h  piecp  is 
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fuund  inconveniont.  Accordingly,  the  gentrnil  oiuUjiu  \»  t»  ])|fultire  Ibe 
ttftery,  tii  pluce  a  c)Ani|t  on  the  vfj^f*!  im  ihp  proximiil  *ii<lt'  nf  the  U^at1lre, 
nnd  to  introduce  u  &triiighl  CMtiulii  (Fii^.  40,  r),  contitx'ted  with  the  man- 
nmeler,  intt>  tlte  arterv  nptwecii  ihe  litjiiture  and  the  eluniji,  niiJ  lufiecurv 
il  in  th»t  poaiiiun.  In  thi.<4  oixf*,  un  l<K>Mng  the  c')hii)|>,  lht>  whule  column 
of  blood  in  the  artery  h  brought  to  bear  on  the  minomtiter,  und  lh« 
tmcings  taken  iUu»tmte  ttie  latt'rHl  preii^ure  not  of  the  artery  in  which 
the  eanula  hu4  been  plnced.  but  I'f  tlie  vessel  (aorta,  t*tc.,  nt  the  case  uiay 
be)  of  which  It  is  ilAcIf  a  branch. 

Tracings  of  the  movements  of  ihf  column  (»f  mcrctirv  In  the  man- 
ometer may  be  taken  oithor  on  n  smoked  Kurfacc  of  a  revolving  cylinder 
(Fig.  lI),  or  by  nieana  of  »  bni.fih  and  ink  on  a  conlinuoiiA  roll  uf  paper, 
as  in  the  more  CH^mplex  kyin'-i»raph  ^Pig  42). 

Fio.  42. 


1.  tU'iK  Ki 


^ru    Htm 


11. 


L'm'i.u 


Um  ii»II  •'.  iTiri-t"^  II  MiKMtlMy  »nfr  \U-  ryUmU<r  II,  aiwl  IIm-m  whkU  ||  ti|i  hil>t  tbo  n»II  A. 

Twu  deftniUMiglD'll-'  Qi4rkt>ni  arr  mt-u  In  ttti'  |ii«>illMi4  Ii4  Mltlth  iIm-j  niuitl  ilit-lr  i»utcnK<nl» 
■  •Il  till*  iwjjrr  iM  tt  irvvflrt  oifT  H  TId'  iiiiiii<Mjr«<tur,  vr  miy  uUiitr  rv«-tir«llii8  h)(itnini'«ul  iiwhI, 
nui  1n>  tlxvii  nllliiT  III  iIk*  luilr.li  kmiiioiliHli'ly  tii  rmiit  »(  tt,  in   in  itnjr  oilvir  |HMiii»n  rtiMt  riuty 


Id  »iieh  a  merrury  itiunoiiieter,  the  inerlin  of  the  invrciiry  obDcures 
many  of  th<f  features  of  the  minor  curve*  cau-^ed  by  the  heart-beats. 
When,  therefore,  the<ie,  rather  than  variations  in  the  mean  pressure,  are 
Iwing  studied,  [It  i»  advivatde  to  Imvu  recourso  to  tln»  sprinj^  manometer 
(Fig.  48),  introduc<«d  by  Fick.     In  u-ving  this  inslrument,  the  tube  t^ 
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TliUi'fUa{iaiteMeDUulI.Yor»li<tl1<i«.  PnUvuwtl.  ll<>niiAli-«itvvr  liilii^  i<t|.  ninwl  In  th*  ftww  uf 
Uio>(u|>l(>lv  cinlif.  Till-  Ii>wi.>r  ■•iM>n  l>imI  b,  nrmly  fMKlnnod  b>  itu-  «Ui)t«l  «,  h  vtmuvriv»\  ivltli 
klttlm  If),  U-urini;  h  •t»|iriick  To  t)i"  iijt(>>r  rl>i*>fl  t'liil  U  fttliM-lirtl  h  llglil  ii|tri|thl  n-l  (if). 
iiKH'tciI  will)  tlir>  wrlllnK'Ir'Vor /. 
TlmHiRh  lltf  tliV> '  tho  h*)l1<m  cunr«*l  "I'^'^M  ^  i^"*^'  *'*^i  "Iniliol,  •»>)  rhf  «t<>|i<*iK  k  i-ltw^l. 
Tlin  tti>N>  <- 1«  lt)»ti  ront)*M-iif|  wlOi  llic  ar(uT>  Itv  ntf«nd  of  «  iiofi-r|»^iL  flrxililu  ()>wlim^  tiilwi 
fi)lr<l  Willi  iMxlliim  mrlwiiuiti!  wthillwn  On  oihuiIiik  Div  itiM)R'>oi-k,  t)i<?  tariitlh'iM  »f  )i|fu«<iti')<  of 
Uiu  W'K"t  III  till'  nrtcrj  on*  oiiiniiinii(«Ti)"l  t«'  lln'  flui'l  In  tl"-  IimIIhw  iiimvI  •prluK  ;  itl  twr.li 
WictfiMn  'if  (>r<4niirft,  the  aprln^  oX|miiiiU,  uihI  llir  nt>>T^>unttlA  of  thi-  frr«  t>ad  ttrr  tmiMfi-rml  lt;i 
r/ to  Uio  wrlttiiK-luvar  J.  The  Itwlxunu^al  iw  tri^nrralW  m-iiI  t-ut  nlM-tHqim  mi  •miogriU'>nl  {IkA 
■hijwu  111  tlir  •lltiKrNiii)  hv  with  li  Hie  |M>tiil  ••(  t\u<  Ifvrr  •luH-riliiM  ^  oinilKdt  liiHtswl  iif  «  t-arroil 
lliiQ.  Till'  «|>rliik-  liiftiiiitiii-U'r  \r  r\t:ivtl\uit\y  u-wftil  wtiTv  it  U  <|tiiiniltli'  ti)  invvstlgmti^  rhMtJy 
till  VHrj»ti(iri«  itl  llw  tunu  u(  i\w  \trvmarr-ciit\v.  In  hoI-'i  i«  mitutuiT  Mio  Aintwnlur  TariMiidi. 
ibtp  itulninK*tit  tiiuri  Im  ex|iarlin»aUII,v  gmdiMltil 

Ki|;.  41,  is  (.'unnccted  with  the  tiibo  e,  Kig.  4'S.     A  tracing  obtftined  by 
Kick's  uiHtJumtiter  is  shown  in  Fig.  H.] 


[Fiu.  44. 


NoraMl  BrtMkl  tfwtac  vtitaliiNl  witti  itw  lH*'i^  MMMioaUf ;  4o«  wtiUtr  oitius  J 
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The  average  pressure  of  the  bioud  in  the  same  body  is  gri 
in  the  largest  arteriea,  and  diminishes  as  the  arteries  get  less ;  but 
the  fall  is  a  very  graxlual  one  until  the  sniulle»t  arteries  are 
reached,  in  which  it  becomes  very  rapid.  In  the  carotid  nf  the 
horae,  the  mean  arterial  pressure  varies  from  150  to  200  mm.  of 
mercury ;  of  the  dog,  from  100  to  IT^^ ;  of  the  rabbit,  from  50  to 
90.     In  the  carotid  of  man,  it  probably  amounts  to  150  or  200. 

Since  in  all  arteriea  the  blooil  is  prf'8sing  on  the  arterial  walla 
with  some  considerable  force,  all  the  arteriea  must  be  in  a  state 
of  permanent  distention,  so  long  ns  blood  is  flowing  through  them 
from  the  heart.  When  the  blotid-curreiit  is  cut  off,  ns  by  a 
ligature,  this  expansion  or  distention  disap|>ears. 

Not  only  is  there  a  permanent  expansion  corresponding  to  the 
meau  pressure,  but  just  as  the  mercury  in  the  manometer  rises 
above  the  level  of  mean  pressure  at  each  systole  of  the  heart,  and 
falls  below  it  at  each  diastole,  so  at  any  spot  in  the  artery  there 
ia  for  each  heart-beat  a  temporary  expansion  succeeded  by  tem- 
porary contraction,  the  diameter  of  the  artery  in  its  temporary 
expansions  and  contractions  oscillating,  in  correspondence  with 
the  oscillations  of  the  manometer,  beyond  and  within  the  diameter 
of  permanent  expansion.  These  temporary  expansions  constitute 
what  is  called  the  pulse,  and  will  be  discusse<t  more  fully  here- 
after. 

The  Velocity  of  the  Flow, — When  even  a  small  artery  is 
severed,  a  considerable  quantity  of  blood  escapes  from  the  proxi- 
mal cut  end  in  a  very  short  space  of  time.  That  i^  to  say,  the 
bloi>d  moves  in  the  arteries  from  the  heart  to  the  capillaries  with 
a  very  considerable  velocity.  By  various  inelhoila,  this  velocity 
of  the  blood  current  has  been  measured  at  different  parts  of  the 
arterial  system ;  the  results,  owing  to  imperfections  in  the 
methods  employed,  cannot  be  regarded  as  satisfactorily  exact, 
but  may  be  accepted  as  approximately  true.  The  velocity  of  the 
arterial  stream  is  greatest  in  the  largest  arteries,  an<]  diminishes 
from  the  heart  to  the  capillaries,  pan* prtw»  with  the  increase  of 
the  width  of  the  bed — i.  p.,  with  the  increase  of  the  united  sec- 
tional area. 


Methods. — The  HtuniRdromomoler  uf  Vulkmann.  (Fiij.  45.)  An 
artery — ^  ff.,  a  carotid,  i«  olKuiix^d  in  two  placos,  nnd  divided  botween 
the  clafU|>a.  Two  chiuiIic,  of  a  bore  as  noHrly  equal  as  puH^iblo  l»>  llmt  nf 
the  artery,  vt  of  u  kn'ivri  bore,  are  in8(;rted  in  the  two  ends.  The  two 
canuliB  lire  cnnnecled  by  means  of  twn  .4(np.cookM,  wliifh  wnrk  loi^Pther, 
with  the  twtp  tiiidt  of  a  long  glaes  tube,  bent  in  the  ^hnpe  of  h  U,  and 
Qlled  with  nurtiia)  saline  Rolttiiun,  or  with  a  clnrod  inn"cu*Mi8  Uuid.  The 
clamiM  on  the  artery  being  releaited,  a  turn  uf  the  sU^p-cuck^  ]iorrniU)  the 
blooci  to  enter  Ibo  proximal  end  of  the  lung  U  tiioe,  along  which  it 
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ei)Ur«(H,  driviug  tb«  fluid  out  into  the  artery  tbroufrb  the  distal  end. 
Altuclicd  to  the  tube  is  a  i;radunted  sciile,  by  meuns  uf  which  the  velocity 
with  whirh  thti  bloi^d  ticiwa  alunff  the  tuba  uiiiy  bt;  read  off.  Even  ^up- 
pofiini;  the  chiiuIh  to  bo  of  the  «aine  bore  \\i  the  artery,  it  is  evident  that 
the  conditions  of  the  llow  through  the  tube  nre  such  a-*  will  ontj  admit 
of  the  result  thus  gAined  being  cuiiAidered  hs  anapproximflUve  estimation 
of  the  real  velocity  in  the  artery  itself. 

[Fio.  45. 


ViiiAMAkh'«   M.I  UJihkuM'iatrTKH. 

Tltt>  ootiUml  )Mtrtiiii)s  i>f  Ittr  tii>lnitiH>tit  nn>  tnwtrltMl  tti  \\\r>  ml  (•tiil*  <i(  u  triti  <k  mlt^r^.     Yfy 

M  Himpli'  iUTitii|p<mf III  t>r  n  <li>iilili>  trfitjifiifk.  %\w  MomIh  nrrritt  ntn  !••  niwlf  i<>  |«m»  tnumill«t^l.T 

llmmtrli  \\w  linn>%>iw  nnn.  a*  tit   4.  iir  to  )«•<  ihnmfcli  tbi-  Knwliiuli^l   r-*lift|H«l  liiU',  a» 

iuli  I 


The  Uht'unx'tT  (Stnmiuhr)  uf  Ludwig.  Tbi«  const^t^  of  two  glau 
bii)l*»  (A  and  A,  Fig  4fl|,c>iriiniunieutin^  ab<^ve  with  each  other  and  with 
tbe  fiMiiriioii  tube  (7,  by  which  ihey  can  be  fitted.  Their  biwcr  ends  are 
fixed  in  the  metal  di»k  /),  which  can  be  made  to  rotate,  through  two 
right  ungle^,  round  the  lower  ditk  E.  In  the  up|ier  diuk  ar<j  two  bole*. 
n  and  6,  conlinuous  with  A  and  A,  rospoelively,  and  in  the  lower  disk  are 
two  similar  bolca,  a' and  b^,  similarly  continuous  with  the  tuVtcii  Hand  Q. 
Uenee,  in  the  poaitioti  of  the  diiiks  shown  in  the  figure,  the  lube  O  ia 
cuntinunufi  through  the  two  di«k»  with  the  bulb  A,  and  the  tubi;  H  with 
the  bulb  B.    On  turning  the  diik  i>  through  two  right  angle*,  th«  tube  O 
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conlinuuus  with  B  inslcnd  r>f  Aj  and  Ihe  ttibv  //  with  A  inatoHd 
of  J?.  There  U  a  furlhor  Hrruii^enient,  omitted  from  the  flj;uro  for  the 
9iike  of  aimpliciLy,  by  which,  when  ihe  disk  D  U  turned  through  one 
Jmiead  of  two  right  Hni;lt>»  from  oithor  gf  the  uhovc  posftiun<i,  G  heoonte« 
directly  ountinuuus  with  //,  both  being  comnletolv  shut  off  from  the 
bulbe. 

Fia.  46. 


l>ixaiuHii*'ac  IturubiKXTATtoK  ur  Li'Dwm'R  S/rmmvuu 

The  ends  of  the  tube»  i/and  O  ure  nmd«  to  fit  exnctly  into  twn  cnnii- 
Iflo  insortcd  into  two  cnl  ends  of  the  urt^ry  uboiit  to  b^  cxporimeiiied  upon, 
and  having  u  bore  as  nearly  vqua]  iu  po^-^ibli*  lo  tbnt  of  ths  artory. 

The  melbod  of  experimenting  is  as  foHows:  The  disk  D  hfitii?  placed 
in  the  intcrmediale  position,  flo  that  a  nnd  b  are  both  cut  ofl'  fn»m  n'  umJ 
A',  the  bulb  A  is  ttllL'd  with  pure  olive  oil  up  U>  the  murk  x,  and  the 
bulb  B,  the  re*t  of  .'1,  and  the  juuctiun  C,  with  dyHbrinuted  blood  ;  and 
C  is  then  clumped.  The  tubea  //  and  G  are  also  filled  with  deflbriiiatcd 
blood,  iind  O  19  inserted  into  the  cunula  of  the  centnil,  //  into  thiii 
of  the  neripheral  end  of  the  artery.  On  removing  the  clamps  from  the 
artery  the  bkM>d  flows  through  O  to  H,  and  so  back  into  the  artery.  The 
obeervation  now  begins  by  lurninjjr  the  disk  D  into  the  position  shown 
in  the  figure ;  the  bloc»d  then  tlows  into  A,  driving  the  oil  there  contained 
out  before  it  into  the  bulb  B,  in  the  directii>n  of  the  nrmw,  Ibo  dcfibrin- 
oled  blond  prL'viou=;ly  present  in  B  passing  by  H  into  th"«  urlcry,  and  h> 
into  llie  system.  At  the  moment  tbiit  the  bbrnd  is  seen  to  ri^e  to  the 
mark  x,  the  diak  I)  is,  with  till  (xwv*ihln  rnptdity.  tnrned  throuijh  two 
rif^ht  angleti,  and  thuH  the  bulb  B,  now  hir^ely  fllleci  with  oil,  placed  in 
communication  with  O.  The  blood-ittream  now  drives  the  oil  back  into 
j4t  and  the  new  blood  in  A  thronuh  //  intu  the  artery.  As  soon  as  ihe 
oil  has  wholly  returned  to  its  original  fKJ«ition,  the  di6kj9  again  turned 
round,  and  A  onoe  more  placed  in  communictUion  with  O,  und  the  oil 
once  more  driven  from  .4  to  B.  And  th'*  is  repeated  several  time?,  indeed 
concrally,  until  the  plotting  of  the  blood  or  the  admixture  of  the  oil  with 
the  blood  puts  an  end  to  the  experiment.  Thus  theilow  of  blood  U  uj*ud 
to  fil!  alteriiAtelv  with  blood  or  oil  the  space  of  the  hulb  A,  who.«e  cavity 
M  far  Uk  the  murk  j-  Iuh  Iwen  exactly  measured  ;  hence,  if  the  number  ui 
times  in  any  givL-n  tinie  the  di»k  D  has  to  be  turned  round  be  known, 
the  number  of  timei»  A  htta  been  tilled  i«  hUu  known,  and  thu?  the  quan- 
tity of  blood  which  has  pa^^ed  in  that  time  through  the  canula  connected 
with  the  tube  O  ia  directly  meuMureU.     For  instance,  supposing  that  the 
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quftntilr  held  by  ihe  bulb  A  when  flll^d  up  to  the  mark  x  U  5  c.c,  and 
Aiipposing  ihnt  frum  the  moment  nf  allowini;  Uio  flnt  6  c  c.  nf  bl<>nd  to 
b*n:'n  l"  enter  \\\v  tube  l"  iho  moment  whi'ii  the  ei-cnpe  of  the  hist  6  e.c. 
from  the  nrlery  into  the  lube  wiis  completp,  1(10  ^I'lr-onds  had  f!lap?ed, 
durini;  whirb  time  5  cc.  had  been  received  10  time»i  into  the  tube  from 
the  artery  (uU  but  the  la«t  5  c.c.  bein^  returned  into  the  diatul  portion  of 
the  arterj'i.ohvimuly  O.oc  v.  of  bliyxl  had  flowed  from  the  pr«)itimal  section 
of  tb<«  arterv  in  one  »eoond  Hence,  supposini;  thHl  the  diunieter  uf  the 
cnnuln  (nnti  of  the  artery,  they  bein*:  liio  same)  were  1  mm.,  with  a 
aectional  urea  therefore  of  3.1 4  square  mm.,  an  outflow  through  the  section 
of  0.5  e.c.  or  500  o.mm.  in  asecond  would  give  (ii5_^^  a  velocity  of  about 
lofl  mm.  in  a  »ocond.  *'** 


[Kiu.  47. 


IIXMATOcHoiiarKii  .<f  VmriiiidT.    o  kud  t  muathfilMro.] 

Tlie  Hwrnataeliometcr  of  Vierordt  is  constructed  on  the  princinle  of 
meiiHuring  the  vek»cily  of  the  current  by  observing  the  amount  of  devia* 
lion  undergone  by  a  jx'ndulum,  the  free  end  of  which  hanp»  l(H»ely  in 
the  streiuu.  A  square  or  rtH;Utn<;ulnr  chamber,  one  wide  of  which  in  of 
j^lnss  and  mtirkt-d  with  a  ^rudunted  scale  in  the  form  of  an  arc  of  a  circle, 
IS  connected  by  moanw  of  two  «hurt  tube*  with  the  two  cut  ends  of  an 
arterv  ;  the  bI"»od  consequently  flows  fmm  the  pnvxininl  (centml)  portion 

[Pio    4H. 


lilftVMl  ti>  111"  Ivvrr,  tllo  Uikk  eiMl  »r  « l>)rli  |«nij>i't«  tlitn  lh(>  nwl  ) 


of  the  artery  tlimu^h  the  chambpr  into  the  distal  portion  of  the  artery. 
Within  llic  chamber,  and  suHpended  from  it*  roof,  in  a  i*hort  pendulum, 
which,  when  llie  I'ltHKl-^trenm  if  cut4»rt' fr>.>m  ihechnmlMT.  hiin^fi  motion- 
le**  in  a  vertical  j^rtiti-n,  but  when  th*-  blood  i»  ailowrd  to  flow  thn^ut^h 
thcchamWr,  h  dHvcn  by  the  f')rce  of  the  current  mit  of  its  p*isition  of 
real.  The  |M'n(luhim  it  so  phiced  that  «  marker  attaohod  to  tta  free  end 
tniveU  cliK«i>  (o  the  inner  surface  of  ihr  glnas  aide  along  the  arc  of  the 
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graduAted  side.  Ueiict!  tlie  umouiit  of  (JL-vintion  from  a  vertical  ]K>sttion 
iiiuy  eu^ity  l*c  read  oH'  on  the  so-uk*  rmni  the  <>uUsi(|o.  Ttiu  ^nidimlion  vf 
tbcsottlohnviiig  bcvii  carried  out  by  experimenting  with  ttre.'niui  xf  known 
v«l>>city,  the  velootiy  cun  ut  once  m  cftlculMt.od  Imm  the  aniuuiit  of 
deviution. 

An  in!<truiuent  bn&ed  on  the  Mmto  principln  h»4  boon  invented  by 
CliHUvi^aii  and  inipmvcd  by  Lortvt.  In  this  the  part  which  c>'rrfji|><mda 
t<i  the  pendulum  in  Vicrordt'a  ini>lrunu*nt  in  pruK>nti;t:-d  ouuide  ihu  chum- 
bcr,  nnd  thus  the  portion  within  thu  cbtiinbiT  is  ritHile  Lo  t'i*rni  tlie  Khort 
arm  ut  a  lever,  thf  fulcru'ii  of  which  is  nt  thf  point  when'  thf  wall  of  the 
chamber  is  imverscd,  and  the  loni;  «mi  of  which  prjccts  uutsidi*.  A 
somewhat  wido  lube,  the  wull  of  which  is  itt  ono  point  compoeed  of  an 
Indiii-rublHir  membrane,  is  introduced  betwei^n  the  two  cttt  ends  of  iin 
artery.  A  lonj;  light  lever  pierce*  the  India-rubber  membrane.  The 
short  «x]}anded  ann  of  this  levur  projectiiif;  within  the  tube  is  moved  on 
its  fulcrum  in  tht*  Indiarubbor  rinj?  by  the  current  of  Idood  ptt&sinte 
thnmgh  the  tube,  the  preater  the  vehteiiy  of  the  curn^nt,  the  hir]u;ct  l>oiM(5 
the  eacuibion  of  the  lever,  The  movtmenU  of  the  short  ann  give  ri»e 
to  corre«pondmy  movements  in  the  opp(««ite  direction  .>f  the  lon^  arm 
outride  the  tubri,  and  these,  bv  mean^  of  a  marker  attached  to  the  end  uf 
the  long  arm,  mny  be  directly  inscribed  on  u  recording  surface.  This 
instrument  is  very  well  adapted  In  observing  changes  in  the  velocity  of 
the  tlow  In  determining  actual  vebicities,  for  which  purpose  it  has  to 
be  experimentally  gTaduuted,  it  is  not  ¥o  useful. 

In  the  horse,  Volkmaun  found  the  velocity  of  the  stream  to  be 
in  the  carotid  artery  about  'iOO  mm.,  iu  the  maxillury  artery 
165  mm.,  and  in  the  metatarsal  artery  oG  mm.  in  the  second. 
Chauveau  deteriniue<l  ihe  velocity  in  the  carotid  of  the  horse  to 
vary  from  520  to  150  mm.  per  Becond  at  each  beat  ol'  the  heart, 
flowing  at  the  former  rate  during  the  height  of  each  pulae- 
expansion,  ami  at  the  latter  in  the  interval  between  eacli  two 
beats.  Ludwig  and  Dogiel  fuuud  the  velocity  in  the  dog  and  in 
the  rabbit  to  vary  within  very  wide  limilis,  not  only  in  diticrent 
arteries,  but  in  the  same  artery  uuder  diflorent  eircuinstances. 
Thus  white  in  the  carotid  of  the  rabbit  it  may  be  said  to  vary 
from  100  to  200  mm.  per  second,  and  in  the  carotid  of  the  dog 
from  200  to  500  mm.  per  second,  both  these  limits  are  frequently 


3.    The  Fiow  in  ihe  Veins, 

When  a  vein  b  severed,  the  flow  from  the  distal  cut  end  (i.  c, 
the  end  nearest  the  capillaries)  is  continuous,  the  blood  is  ejected 
with  comparatively  little  force,  and  with  no  great  velocity. 

When  a  vein  is  connected  with  a  manumeter,  the  lateral  pres- 
sure is  found  to  be  very  small  ;  it  is  greater  in  the  veins  further 
from  the  heart  than  in  those  nearer  the  heart.  In  the  I'nrmer  it 
is  much  less  than  that  of  the  small  arteries,  and  in  the  latter 
amounts  only  to  a  few  millimetres  of  mercury.  Indeed,  in  the 
immediate  neighborhood  of  the  heart  the  pressure  may  (during 
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the   inspiratory    movement)   become  negative — i.  «.,  when  the 

mnnomcter  is  brought  into  connection  with  the  interior  of 
the  vein,  the  mercury  in  the  distal  limb  lUlU.  instead  of.  as  in  the 
case  of  un  artery,  rising. 

In  the  ease  of  most  veins,  under  ordinary  circumBtances  the 
mercury  of  a  niaiiometer  connected  with  a  vein  does  not  show 
any  of  those  |uilse-o8cillation3  \\hich  are  so  striking  in  the 
arteries.  As  a  general  rule,  the  pulse  is  seen  on  the  arterial  side 
only  of  the  capillaries,  though  in  special  cases,  under  conditions 
which  we  shall  study  presently,  it  may  make  its  way  through  the 
capillaries  from  the  arteries  to  the  small  veins;  and  it  is  probable 
that  in  general  a  slight  impulse  does  make  its  way  right  through 
tiie  capillaries,  but  so  feeble  that  it  cannot  be  recognized  by 
ordinary  instruments  save  in  8|>ecial  cases.  Moreover,  in  the 
great  veins  near  the  heart,  under  certain  circumstances  at  all 
events,  the  movemenla  of  that  organ  may  make  themselves  felt 
as  a  so-called  "venous  pulse  "  transmitted  in  a  backward  direc- 
tion along  the  veins  from  the  heart.  But  these  exceptional 
in^iiuices  and  these  recurrent  oscillations  do  not  invalidate  the 
truth  of  the  general  statement  that  the  pulse  is  absent  from  the 
veins.  The  exact  determination  of  venous  pressure  is  attended 
with  great  experimental  difficulties,  and  our  knowledge  in  this 
<lirection  is  very  incomplete;  but  in  all  probability  the  pressure 
in  a  vein  varies  within  much  wider  limits  than  does  the  pressure 
in  the  corresponding  artery. 

In  the  small  veins  the  velocity  of  the  current,  measured  in  the 
same  way  as  in  the  case  of  the  arteries,  is  very  slight.  It 
increases  in  the  larger  veins,  corresponding  to  the  diminution  of 
the  area  of  "the  bed;**  it  is  about  200  mm.  per  second  in  the 
jugular  vein  of  the  dog. 

Thus  the  How  in  the  veins  presents  strong  contrasts  with  that 
in  the  arteries.  In  the  arteries,  even  in  the  smallest  branches, 
there  is  a  o(»nsideral)le  mean  pressuie.  In  the  veins,  even  in  the 
small  veins  where  it  is  largest,  the  mean  pressure  is  very  slight. 
In  other  words,  there  is  always  u  diHerence  of  pressure  tending 
to  make  the  bhxxi  How  continuously  from  the  arteries  into  the 
veins.  A  pulse  is  present  in  the  arteries,  but,  with  certain 
exceptions,  absent  in  the  veins.  The  velocity  of  the  stream 
of  blcM>d  in  the  arteries  is  considerable ;  in  the  small  veins  it  is 
much  less,  but  it  increases  in  the  larger  trunks;  for  in  l>oth 
arteries  and  veins  it  corresponds  with  the  area  of  the  beii, 
diminishing  in  the  former  from  the  heart  to  the  capillaries,  and 
increasing  in  the  latter  from  the  capillaries  to  the  heart. 
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Hydraulic  Princip/i^g  of  ths  Circulation. 

All  the  above  phenomena  are  the  simple  results  of  an  inter- 
mittent force  t  like  that  of  the  systole  of  the  veutricie)  working 
iu  H  cl{>8ed  circuit  of  branching  elastic  tubes,  so  arrnnged  that 
while  the  individual  tubes  first  diminish  (from  tlie  heart  to  the 
capillaries)  and  then  increase  (from  the  capillaries  to  the  heart), 
the  area  of  the  bed  first  increases  and  then  diminishes,  the  tubes 
together  thus  farming  two  cones  placed  base  Ut  base  at  the  capil- 
laries, with  their  apices  converging  to  the  heart.  To  this  it  must 
be  a<lded  that  the  friction  in  the  small  arteries  and  capillaries, 
at  the  junction  of  the  bases  of  the  cones,  oU'ers  a  very  great 
resistance  lo  the  fl'iw  of  the  blood  through  them.  It  is  this 
peripheral  resistance  (iu  the  minute  arteries  and  capillaries,  for 
the  resistance  oHercd  by  the  friction  in  the  larger  vessels  may, 
when  compared  with  this,  be  practically  neglected),  reacting 
through  the  elastic  walls  of  the  arteries  upon  the  intermittent 
force  of  the  heart,  which  gives  the  circulation  of  the  blood 
itB  peculiar  features. 

Circamstances  Determining  the  Character  of  the  Flow. — When 
fluid  is  lirivcn  by  an  intermittent  force,  as  by  a  pump,  through  a 
perfectly  rigid  tube  (or  system  of  tubes),  there  escapes  at  each 
stroke  of  ihe  pump  from  the  distal  end  of  the  system  just  aa 
much  fluid  as  enters  it  at  the  proximal  end.  The  escape,  more- 
over, takes  place  at  the  same  time  as  the  entrance,  since  the  time 
taken  up  by  the  transmission  of  the  shock  is  so  small,  that  it 
may  l>e  neglected.  This  result  remains  the  same  when  any  re- 
sistance to  the  flow  is  inirtHluced  into  the  system.  The  force  of 
the  pump  remaining  the  same,  the  intnHluctiou  of  the  resistance 
undoubtedly  lessens  the  quantity  issuing  at  the  tlistal  end  at  each 
stroke,  but  it  does  so  simply  by  lessening  the  iiuiintlty  entering 
at  the  proximal  end  ;  the  income  and  outgo  remain  equal  to  each 
other,  and  occur  at  almnint  the  saute  time.  And  what  is  true  of 
the  two  enils,  is  also  true  of  any  part  of  the  course  of  the  system, 
so  far,  at  all  events,  as  the  following  proposition  is  concerned, 
that  in  a  system  of  rigid  tubes,  either  with  or  without  un  inter- 
calated resistance,  the  flow  causeil  by  an  intfirmittent  force  la,  in 
every  part  of  the  tubes,  intermittent  ayuchrouously  with  that 
force. 

In  a  system  of  clastic  tubes  in  which  there  is  little  resistance 
to  the  progress  of  tlie  fluid,  the  flow  caused  by  an  iutermitleut 
force  i.s  also  intermittent.  The  outgo  being  nearly  as  easy  as  the 
income,  the  elasticity  of  the  walls  i»f  the  tubes  is  scarcely  at  all 
calleii  into  play.     These   behave  practically  like  rigid  tubes. 
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When,  however,  sutficieut  refiisiance  is  introduced  int^  any  part 
of  the  course,  the  Huid,  being  unable  to  pasa  by  the  resiatauce  as 
rapidly  aa  it  enters  ttie  »ytitem  from  the  pumn,  tends  to  accumu- 
late on  the  proximal  Bide  of  the  resistance.     This  it  is  able  to  do 
by  expanding  the  elai^tic  walls  of  the  tubes.     At  each  stroke  of 
the  pump  a  certAin  quantity  of  Huid  enters  the  eystem  at  the 
proximal  end.     Of  tlii^  only  a  fraction  can  pasa  through  the 
resistance  during  the  »truke.     Al  the  moment  when  the  stroke 
ceases,  the  rest  still  remains  on  the  proximal  side  of  the  resist- 
Huce,  the  clastic  tubes  having  expanded  to  receive  it.     During 
the  interval   between  this  aiid   the  next  stroke,  the  distended 
elastic  tubes,  striving  to  return  to  their  natural  undistended  con- 
dition, press  on  this  extra  quantity  of  tluid  which  they  contain 
And  tend  to  drive  it  past  the  resistance.     Thus,  io  the  rigid  sys- 
tem (and  in  the  elastic  system  without  resistance)  there  issues, 
from  die  distal  end  of  the  system,  at  each  stroke,  just  as  much 
fluid  as  enters  it  at  llie  proximal  end,  while  between  the  strokes 
there  is  perfect  quiet.     Ln  the  clastic  system  with  resistance,  on 
the  contrary,  the  quantity  which  passes  the  resistance  is  only  a 
fraction  of  that  which  enters  the  system  from  the  pump,  the  re- 
mainder or  a  portion  of  the  reuiaiuder  continuing  to  pass  during 
the  interval  between  the  strokes.     In  the  former  case,  the  system 
is  uo  fuller  at  the  end  of  the  stroke  than  at  the  beginning;  in 
the  latter  case  there  is  an  accumulation  of  fluid  between  the 
pump  and  the  resistance,  and  a  corresp<mding  distention  of  that 
part  of  the  system,  at  the  close  of  each  stroke — an  accumulatioD 
and  distention,  however,  which  go  on  diminishing  until  the  next 
stroke  comes.     The  amount  of  fluid  thus  remaining  after  the 
stroke  will  de[»end  on  the  amount  of  resistance  in  relation  to  the 
force  of  the  stroke,  and  on  the  distensibility  of  the  tubes ;  and 
the  amount  which  passes  the  resistance  l}etore  the  next  stroke 
will  depend  on  the  degree  of  elastic  reaction  of  which  the  tubes 
are  capable.     Thus,  if  the  resistance  be  very  considerable  in 
relation  to  the  force  of  the  stroke,  and  the  tubes  very  distensible, 
only  a  small  jxirtiou  of  the  tluid  will  pass  the  rebisiance.  the 
greater  part  remaining  lodged  between  the  pump  and  the  re- 
sistance.    If  the  elastic  reaction  be  great,  a  large  portion  of  this 
will  Iw  jMissed  on  through  the  resistance  before  the  next  stroke 
comes.     In  other  wonls,  the  greater  the  resistance  (in  relation  to 
the  force  of  the  stroke),  and  the  mure  the  elastic  force  is  brought 
into  play,  the  less  intermittent,  the  more  nearly  continuous,  will 
be  the  flow  on  the  far  side  of  the  resistance. 

If  the  flrst  stroke  be  succeeded  by  a  second  stroke  before  its 
quantity  of  fluid  has  all  passed  by  the  resistance,  there  will  be 
an  additional  accumulation  of  fluid  on  the  near  side  of  the  re- 
sistance, an  additional  distention  of  the  tubes,  an  additional  straiD 
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on  their  elastic  powers,  and,  in  consequence,  the  flow  between  this 
second  stroke  and  the  third  will  be  even  naore  marked  than  that 
between  the  first  and  the  aecond,  tltough  all  three  strokes  were 
of  the  same  fierce,  the  addition  being  due  to  the  extra  amount  of 
elastic  force  called  into  ptay.  In  fact,  it  is  evident  that,  if  there 
be  a  sufficient  store  of  elastic  power  to  fall  back  upon,  by  con- 
tinuallv  repeating  the  strokes  a  state  of  things  will  be  at  last 
arrived  at,  in  which  the  elastic  force,  called  into  play  by  the  con- 
tinually increasing  distention  of  the  tubes  on  the  near  side  of 
the  resistance,  will  be  sufficient  to  drive  through  the  resistance, 
between  each  two  strokes,  just  as  much  fluid  as  enters  the  near 
end  of  the  syetcni  at  each  stroke.  In  other  words,  the  elastic 
reaction  of  the  walls  of  the  tubes  will  have  converted  the  inter- 
tuittent  into  a  continuous  flow.  The  flow  on  the  far  side  of  the 
resistance  is  in  this  case  not  the  direct  result  of  the  strokes  of  the 
pump.  All  the  force  of  the  pump  is  spent,  first  in  getting  up, 
and  afterwards  in  keeping  up,  the  overdistention  of  the  tubes  on 
the  near  side  of  the  resistance  ;  the  cau»e  of  the  continuous  flow 
lies  in  the  overdisteution  of  the  tuhes  which  leads  them  to  empty 
of  themselves  into  the  far  side  of  the  resistance,  at  such  a  rate, 
that  they  discharge  through  the  re-sistance  during  a  stroke  and 
in  the  succeeding  interval  just  as  much  as  they  receive  from  the 
pump  by  the  stroke  itself. 

This  is  exactly  what  takes  place  in  the  vascular  system.  The 
friction  in  the  minute  arteries  and  capillaries  presents  a  consider- 
able resistance  to  the  flow  of  blood  through  them  into  the  small 
veins.  In  consequence  of  this  resistance,  the  force  nf  the  heart's 
beat  is  spent  in  maintaining  the  whole  of  the  arterial  system  in 
a  state  of  overdistention,  as  indicated  by  the  arterial  pressure. 
The  overdistende<l  arterial  system  is,  by  the  agency  of  its  elastic 
wails,  continually  emptying  itself  by  overflowing  through  the 
capillaries  into  the  vennus  system,  overflowing  at  such  a  rate, 
that  just  as  much  blood  passes  from  the  arteries  to  the  veins 
during  each  systole,  and  its  succeeding  diastole,  as  enters  the 
aorta  at  each  systole. 

It  cannot  be  too  much  insisted  upon  that  the  whole  arterial 
system  is  overdistended.  This  is  what  is  meant  by  the  high 
arterial  pressure.  On  the  other  baud,  the  veins  are  much  less 
distended.  This  is  shown  by  the  low  venous  pressure.  The  dis- 
tended arteries  are  continually  striving  to  pass  their  surplus  in 
a  continuous  stream  thmugh  the  capillaries  into  the  veins,  so  as 
to  bring  both  venous  and  arterial  pressure  to  the  same  level.  As 
o^mtinually  the  heart  by  its  beat  is  keeping  the  arteries  distended, 
and  thus  maintaining  the  difference  between  the  arterial  and 
venous  pressure,  and  thus  preserving  the  steady  capillary  slreanu 
When  the  heart  ceases  to  beat,  the  arteries  do  succeed  in  empty- 
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ing  their  surplus  into  the  veins,  and  when  the  presBure  on  both 
Bides  of  the  capillnries  u  thus  equalized,  the  now  through  the 
capillfirics  t'easea. 

Ill  the  Ikcta  just  diecussed,  it  makes  no  ppsential  difference 
wht^ther  the  outflow  ou  the  far  side  of  tlie  resisluuce  be  au  oj>en 
one,  or  whether,  aa  is  the  ease  in  the  vascular  ayftetn,  the  fluid 
be  returned  to  the  pump,  provided  only  thai  the  resistance  offered 
to  that  return  be  sufbciently  small.  We  shall  »ee,  in  speaking 
of  the  heart,  thai,  so  tar  from  there  being  any  resistance  to  the 
flow  of  bloud  from  the  great  veins  inti>  the  auricle,  the  flow  is 
favored  by  a  variety  of  circumslances.  We  have  seen,  more- 
over, that,  besides  the  very  sudden  decrease  in  the  tmuiediate 
neighborhood  of  the  capillaries,  there  is  in  passing  along  the 
whule  vascular  system  from  the  aorta  to  the  vente  cavie  a  gra<lual 
fall  of  pressure,  A  little  consideration  shows  that  this  must  he 
the  case.  At^er  what  has  been  paid  it  is  obvious  that  the  move- 
ment of  the  blood  may  be  compared  to  that  of  a  body  of  fluid, 
driven  by  pressure  from  the  vcutricle  through  the  vessels  to  its 
outflow  in  the  auricle.  Were  the  pressure  a  continuous  one,  and 
were  there  u«t  peripheral  resistance,  there  would  be  a  gradual 
fall  of  pressure,  from  the  part  furtliest  from  the  outfall,  viz.,  the 
aorta,  to  the  part  nearest  the  outfall,  viz.,  the  venie  cavse.  'i'he 
introduction  of  the  peripheral  resistance  and  \ls  attendant  phe- 
nomena gives  rise  to  the  feature  of  a  very  sudden  and  marked 
fall  in  the  capillary  region,  but  leaves  untouched  the  gradual 
character  of  the  fall  in  the  rest  of  the  course,  from  the  aorta  to 
the  minute  arteries,  and  from  the  minute  veins  to  llie  vense  cavie. 

To  recapitulate:  tht-rc  are  three  chief  factors  in  the  mechanics 
of  the  circulation,  (1 )  the  force  and  frequency  of  the  heart-beat, 
{2(  the  |>eripheral  resistance,  (3)  the  elasticity  of  the  arterial 
walls.  These  three  factors,  in  order  to  pro^tuce  a  normal  circu* 
latinn,  must  be  in  a  certain  relation  to  each  other.  A  disturbauco 
of  these  rehuionn  brings  about  abnormal  conditions.  Thus,  if 
t)»e  |wrlpheral  resistance  be  re<lueed  beyond  certain  limits,  while 
the  force  and  frcfpiency  of  the  heart  remain  the  same,  so  much 
bli>od  passes  through  the  capillaries  at  each  stroke  of  the  heart 
that  there  is  not  suflicient  lell  behind  to  ilisteud  the  arteries, 
and  bring  their  elasticity  into  play.  In  this  case,  the  inter- 
mittence  of  the  arterial  flow  is  contiutied  on  into  the  veins.  An 
instance  of  this  is  seen  in  the  experiments  on  the  submaxillary 
gland,  where  sometimes  the  resistance  nflV  red  by  the  minute 
arteries  of  the  gland  is  so  much  l{»wered.th»t  the  nulae  is  carried 
right  through  the  capillaries,  and  the  l>l(H>d  in  the  veins  of  the 
gland  pulsates."    A  like  result  occurs  wlicn  the  peripheral  resigt- 
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ance  rewainiDg  the  sume,  the  iTe4ueucy  of  the  heart's  beat  ia 
lowered.  Thus,  the  beata  may  be  so  infrequent  ihat  ihe  whole 
quantitj  sent  on  by  a  slnike  has  lime  to  escape  before  the  next 
stroke  comes.  Lastly,  if,  wliilc  the  heart's  beat  and  the  j)eriph- 
eral  resistance  remain  the  same,  the  arterial  walls  become  more 
rigid,  the  arterieii  will  be  utiuhle  to  expuud  sufUcieully  to  relaiu 
the  surplus  of  each  stroke  t*r  to  exert  sufHeient  einetic  reaction 
to  carry  forward  the  stream  between  the  strokes;  and  in  conse- 
quence more  or  less  intermittence  will  become  maniieat. 

Circonutances  Determining  the  Velocity  of  the  Flow. — We 
have  seen  that  the  velocity  of  the  blood-etream  diminishes  from 
the  aorta  to  the  capillaries,  and  increases  from  the  capillaries  to 
the  great  veins,  Thiif-,  in  the  dog  the  velocity  in  the  great 
arteries  may  be  stated  at  from  300  to  500  mm.,  in  the  capillaries 
at  loss  than  1  mm.  (0.5  to  0.75  mm.),  and  in  the  large  veins  at 
about  *J00  mm.  in  a  second.  In  fact,  the  greater  jmrl  of  the  time 
of  the  circuit  is  taken  np  in  the  capillary  region.  An  iron  salt, 
injected  into  the  jugular  vein  of  one  side  of  the  neck  of  a  horse^ 
makes  its  appearance  in  the  blood  of  the  jugular  vein  of  the 
other  side  in  about  30  seconds. 

Uering'd  inetm  result  in  tho  luirso  was  27.6  ^wundf.  lu  the  dog 
Vicrurdt  found  it  to  be  16.2  seconds ;  in  the  rubbit  7  seconda. 

Without  laying  too  much  stress  on  this  experiment,  it  may  be 
taken  as  a  fair  indication  of  the  time  in  which  the  whole  circuit 
may  be  compieterl.  It  takes  about  the  same  time  to  pass  through 
about  20  mm.  of  caj)illarie8.  Hence,  if  any  corpuscle  Imd  in  its 
circuit  to  pass  through  10  mm.  of  capillaries,  half  the  whole 
lime  of  its  journey  would  be  spent  in  the  narrow  channels  of  the 
capillaries.  Since,  however,  the  average  length  of  a  capillary  is 
about  0.5  mm.,  about  one  second  is  spent  in  the  capillaries.  In- 
asmuch as  the  purposes  served  by  the  blood  are  chietly  carried 
out  in  the  capillaries,  it  is  obviously  of  advantage  that  its  stay 
in  them  should  be  prolouged. 

The  hml  ditferenoes  in  the  velocity  of  the  stream  are  directly 
dependent  on  the  area  of  the  "bed."  When  a  fluid  is  driven  by 
a  uniform  pressure  through  a  narrow  tube  with  an  enlargement 
in  the  middle,  the  velocity  of  the  aiream  diminishes  in  the  en- 
largeuient,  but  increases  aguin  when  the  tube  tmce  more  narrows. 
So  a  river  slackens  speed  in  a  "broad/'  but  ru.shes  on  rapidly 
again  when  the  banks  close  in.  Exactly  in  the  same  way  the 
vehtcity  of  the  blood-stream  slackens  from  the  aorta  tu  the  capil- 
laries corresponding  with  the  increneed  total  bed,  but  hurries  on 
again  as  the  numerous  veins  are  gathered  into  the  smaller  bed  of 
the  venie  cavjc.     The  loss  of  velocity  in  the  capillaries,  as  c^m- 
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pared  with  the  arteries,  is  not  due  to  there  being  so  much  more 
IVicliuu  in  the  narrow  channels  of  the  former  than  in  the  wide 
canals  of  the  latter.  Fi>r  the  peripheral  rcfcistance  caused  by 
the  t'ricliou  in  the  capillaries  and  small  arteries  is  an  (»l>8tacl6 
not  only  to  the  fluw  of  blood  thruugb  llie(*e  small  veebcla  where 
the  resistance  is  actually  generated,  but  also  to  the  ebcape  of  the 
blood  fruni  tbe  large  Into  ibe  small  arteries,  and  indeed  from  the 
heart  into  the  large  arteries.  It  exerts  its  influence  along  the 
whole  arterial  tract.  And  it  is  obvious  that  if  it  were  this 
peripheriil  resistance  which  checked  the  flow  in  the  capillaries^ 
there  could  be  no  recovery  of  velocity  along  the  venous  tract 
The  rapidity  of  the  flow  iu  arteries,  capillaries,  and  veins,  is  in 
each  case  determined  by  the  total  sectional  area  of  the  channels. 
Tbere  is,  however,  a  loss  of  velocity  on  the  whole  course.  At 
each  stroke  as  much  blood  enters  the  right  auricle  ns  issuer  from 
the  lefl  ventricle;  but  the  sectional  area  of  the  veUHJ  cava;  is 
greater  than  that  of  the  aorta,  au  that  even  if  the  auricle  were 
filled  in  exactly  the  same  time  as  the  ventricle  is  emptied,  the 
hinnd  muMt  puss  more  ra]>idly  through  the  narrow  aortu  than 
through  the  broad  vrnic  ciivie,  iu  order  that  the  same  Quantity 
of  btotii]  t^hituld  pass  each  in  the  same  time.  The  diastole  of  the 
auricle,  however,  is  diatiiicily  longer  than  the  systole  of  the  ven- 
tricle; the  time  during  which  the  auricle  is  being  filled  is  greater 
than  that  during  which  the  ventricle  is  being  emptied,  and  hence 
the  velocity  of  the  venous  flow  into  the  auricle  must  be  still  less 
than  tliat  of  the  arterial  blood  iu  the  coninieucing  aorta. 

The  temporary  variations  of  the  velocity  of  the  stream  in  any 
given  channel,  and  these  we  have  already  <  p.  1G7)  seen  to  bie 
very  considerable  in  the  case  of  the  arteries  at  least,  are  dependent 
on  a  variety  of  circumstances.  In  a  lube  of  constant  calibre, 
the  velocity  with  which  fluid  flous  from  oue  point  to  another,  for 
instance  from  the  point  a  to  the  point  6,  will  be  in  main  de{>eudent 
on  the  ditference  between  the  prcst-ures  existing  at  a  and  b.  The 
lower  the  prespure  at  Aas  compared  with  a  the  greater  the  rapidity 
With  which  the  fluid  flows  fn>m  a  to  6.  And  tcni|Kirary  variatioua 
of  pressures  iorm  undoubtedly  the  n)ftin  cause  of  the  temporary 
variations  observable  in  the  velocity  of  the  arterial  flow.  Thus 
with  each  systole  of  the  ventricle  there  is  an  increase  of  velocity 
in  the  whole  arterial  flow,  followed  by  a  diminution  during  the 
diasttile.  S(>,  also,  if  the  peripheral  resistance  iu  the  minute 
arteries  into  which  a  larger  artery  divides  he  sudilenlv  lowered 
(by  the  action  of  vasomotor  nerves,  in  a  manner  which  we  shall 
presently  discuss),  wiUiintt  the  calibre  of  the  larger  artery  itAeff 
heiiic/  changed,  the  pressure  on  the  distal  (|>eripheral  i  side  of  the 
artery  may  be  much  diminished,  while  the  pressure  on  the  prox- 
imal (cardiac)  side  remuina  ut  iirst  unaltered ;  and  this  would 


I 

I 


ANATOMY    OP    THE    HEART 


175 


neceflBarily  cauRC  an  increatte  in  the  rapidity  of*  the  stream  through 
that  artery.  But,  as  we  i*bftll  see  Inter  on,  from  the  cornplica- 
tioriH  of  the  vascular  niacbiuery  such  problems  as  these  become 
very  intricate;  and  the  results  of  observations  un  variations  in 
arleriul  velinrity  are  not  altogether  intelligible.  It  has  been  sug- 
gested that  vnryiiig  coniliiioua  of  the  blood,  by  nfTecting  the 
amount  of  adhesion  between  the  blood  and  the  walla  of  the  ve«- 
seia,  may  be  an  important  factor  in  delGrinining  the  variations 
in  the  velocity  of  the  stream.^ 


Sec.  2.— The  Heart. 


[The  Physiological  Ayiatomy  of  the  Heart. 

The  heart  is  u  hollow,  muscular  organ,  having  a  nhape  similar 
to  that  of  a  flattened  cone.  It  ia  nituated  nb)i<)uely  within  the 
cbetit,  immediately  posterior  to  the  sternum,  resting  upon  the 
diaphragm,  supported  in  position  by  the  bloodvessels,  and  rovert'd 
by  the  periciirrliuni.  Roughly  sketched,  the  position  of  ihe  base 
of  the  cone  corresponds  to  a  line  drawn  a  little  to  the  right  of 
the  aternum.  from  the  second  intercostal  B|>ace  to  the  sternal 
articulation  uf  the  sixth  and  seventh  cartilages  of  the  riglu  side. 
The  apex  eorre8pon<ls  to  a  point  in  the  lei^  6fih  intercostal  space, 
a  little  interior  to  a  vertical  line  drawn  across  the  nipple. 

The  muscular  fibres  comjv>sing  the  heart  are  peculiar  in  char- 
acter to  the  organ  itself.  They  are  striated,  but  differ  from  the 
ordinary  skeletal  muscles.  In  the  skeletal  muscles  the  fibres  are 
entirely  distinct  and  separable,  potJse*^sing  distinct  longitudinal 
and  transverse  lines  of  cleavage.  But  in  the  fibres  of  the  heart, 
as  seen  in  Fig,  4U,  the  lines  of  cleavage  are  partially  lost  and 
apparent  anastomoses  formed.  The  fibres  of  the  heart  rarely 
haveaaarcolemmatous  covering.  These  fibres  may  conveniently 
be  divided  into  two  layers,  the  superficial  and  deep.  The  super- 
ficial layer  of  the  fibres  of  the  ventricles  consists  of  several 
laniinie,  which  have  a  [wculiar  spinil  arrangement  running  from 
right  to  left,  simulaliog  a  figure  8.  This  {leculiar  arrangement 
is  of  physiological  imp(»rtance  in  explaining  several  of  the  pheno- 
mena observed  in  the  cardiac  beat,  as  will  be  ^Joi^ted  out  here- 
after.    The  deep  layer  is  circular. 

The  heart  can  with  great  propriety  be  considered  aa  a  double 
organ — u  right,  or  pulmonary:  a  left,  or  systemic  heart;  each 
containing  two  cavities,  calletf  respectively  an  auricle  and  ven- 
tricle.   The  right  and  left  cavities  of  the  Iieai't  are  separated  by 


>  LuJttIg  «riJ  Dtigiel.  Luilwig'a  Arbeiten,  1867. 
Aa«t.  u.  Phy«.,  IS77,  p.  2U8. 
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a  muscular  partition  called  the  interauriculo-ventricular  septum. 
The  position  of  this  eeptum  is  marked  on  the  external  surface  of 
the  heart  by  two  grooves. 

The  walla  of  the  left  heart  are  much  thicker  than  thoee  of  the 
right.  This  is  due  Ui  the  fact  of  the  greater  repulsive  force 
necessary  to  overcome  the  reslatflnce  of  the  systemic,  than  is 
neeeifsiiry  to  overcome  lliat  of  the  pulmonic  ves&els. 

The  auricles  are  separated  from  the  ventricles  by  peculiar 
valve-like  pendulous  curtains,  so  arranged  as  freely  to  allow  of 

Fut.  4'.<. 


OMBKuUr  flbriM  of  Ui«  beiui  Mea  In  lonKltnillMl  aectiun.    On  Lb«  right  Chn 
Uulla  uf  ttin  «Hi«rftto  ooUi  with  their  nucld  mn  txhlhittA  inmtwtmA  dUgremnutimllx- 

the  passage  of  blood  from  the  auricles  into  the  venlricles.  and. 
by  a  peculiar  valve-like  meclmniuni.  as  is  commonly  supposed, 
prevent  a  reflux  current  by  becoming  closed. 

There  are  two  ilittLiuet  sets  of  valves  in  the  heart,  the  auriculo- 
veutricular  and  llie  semilunar.  The  auriculo-ventricular  valves 
are  two  in  number,  the  rij;ht  and  left  (Figs.  50,  61,  52").  The 
rieht  is  called  the  tricuspid,  and  consists  of  three  cusps  orjcaflets 
(Figs.  '^O,  52).  The  left  <»r  mitral  valve  consists  of  two  leaflets 
only  (Figs.  61,  52),  and  is  physiologically  the  stronger  of  the 
two.  The  auriculo-ventricular  valves  are  formed  by  reduplica- 
tions of  the  endiK'-iirdium,  and  strengihouod  by  fibrous  tissue. 
They  arc  nttarhwl  by  their  bases  to  the  uuriculo-ventricular  ori- 
fices; the  |X)rtions  of  their  gifJes  neareflt  the  bases  are  attached 
tn  oa<!h  oilier,  thus  forming  a  continuous  circular  membrane. 
To  the  free  margin  and  ventricular  aurfacee  of  these  valves  are 
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attached  nutneroas  tendinous  cords,  which  connect  the  valvea 
wiih  the  mujtculi  pnpUhtteJi.  They  are  called  ihc  rhorda  temiinem* 
On  the  intraventricular  tfurfaot*  of  the  heart,  numerous  ruusf-ular 
bunds  arc  seen,  which  are  callctl  the  eoiurmuL  eartieas.    These 


mortoleiuKl  veattU'l<iui<cnm),  iui<l  a  part  ril  tti»lr  r(Rlit  aiiil  anterior  widk  re-mrtTod, 
Moutaihittt  ttfir  liiU>rt>T— ,'>^  I,  6ii|n-i-ii>rr<9ii«  (mv«;  S,  iaf^rtor  vi>nncaia;  2',  lii>|«tii' rnliiH 
cut  vhort :  ;t.  rt^ht  Miincln;  a'.  ]>liu-ixi  iu  Ihv  foiiNi  uvuli*.  bvlow  fiiilrti  l»  llin  KiwtiLrbiiui 
Ttfclv* ;  3".  U  fl**-*!  cI(«o  to  tliB  ttpnttiin*  of  tti«  conmiiiy  vtln  ;  +  4  ■  pl«ori  In  xhf  uaheulu- 
tMnlrtf-nlar  Knu^x',  witffti  «  iHtrmw  p^irtloii  *^  Ibr  a^acmt  waIIh  of  tl<»  AiirMo  iiml  VL'titrlr If 
liw*l<Miu  ttnnwr^-tMl ;  I,  4,  vurlty  u(  the  rlfttit  vr>iilrl<--U%  kIp*  fthuniii);  Inter vriitrlciilar  iti')itiitii  j 
lilt'  qppvT  Bf;<ini  U  InuatHltsltIv  Itolnw  llm  Hvuillnniii  inlrpfi;  A',  Inrifv  cilnittnii  rnniiv  ur 
iiiuiKtiliM  (HiiillafU;  Tk  '•'  ■'"  i> ..  iiki.i.i  tnlvi';  fl,  |iliii't>il  111  llif  iiit*'iti<r  i>f  tlio  iiuliimtwrjr 
urtMry.  a  |«r1  uf  III"  lUil  I  liaTliix  l«>tfii  rvniuVLsl.  hikJ  n  luirtvw  |Hirt)uti 

of  tt  prtwcnwlnl  tu  r.»i.,:,  <)><•  Miiiilnuiir  TaliM  am  altacbed  ;  7,  cuiH^»v(ty 

■■r  Ibu  Mirlii^  a^  K  •  I'M'  Im  ||i<i  r-unl  <i)  tlir  •ItirlUP  itiUil'liJrtDa  ;  ft,  «j)(V-ii<lili({  pi»n  vr  Minn*  uf  tfi« 
•rrb  cur4*nHl  ul  i\»  cuuiUKiticmnonl  Ijy  iJit  uui  triilar  iiti|>f uitljL  and  fullnotiary  iirli^rjr ;  '.I,  plurtNl 
l»t«v»n  tlif  lunoinliiiil*  Nwl  t<«fl  nin>tlil  nrl<>rl*«  ;  V^,  u]>]>oti(lix  of  itiu  left  butIcIc  \  II,  11,  Ibe 
oalafdv  of  Uiv  lufl  v«l)trl<;lr,  tli*^  liiw«r  flgum  D«nr  IIK'  *\»'%, — Knmt  (^mmm's  AnttUmt^. 


I 


^ft  aarlrlo  auil  tvuirl'.'lv  xif^Ufit  ttd  n  imrt  *>€  ihi«lr  ADiHrlitf  and  Xmtt  wntb  rn 
IbuW  tlirir  ihiiUTUir — y^    Tlta  (Mltrnffmr/  ikrVrjr  lnu  Iwcd  •IUtt|f<l  «l  lu  ixtiu 

U>  *ltnw  Ihr  aifrln;  the  n|wn)nc  t***"  ^l***  '**'>  v^nlrlr^i  luu>  Ihw>ii  cAirtoft 
|ltil<>l)tf>  aiirUi,  lH*lwi*fii  IftkiKftlir  H>gtn»l)t«i>r  H  >t  tmIvm;  lliw  li 

^rf'li',  wilb  llw  (i|>|wti'llx,  liiw  lawu  rvuMJVMl.     Th'  liu  l«M<ti  (hm 

1,  ilir  twu  rik'lit  piiinti-itiarj  v^ln■  cut  Hhort ;  im<-i.  ..|-<'imi>h-  art  fimii  wtt) 

|1',  |i|(W'r<l  wllllhi  llt<wiii|ly  itf  |tii>  Dliri'l'-  I'M  th»   li-n    aiilc  of  11m  mfptVMWti 


funiu  tttr  miiialtm  uf  tliw  ralrv  i>f  Hip  r><i 

«   l«ft    hsBd^  I'i   ft  B  ■UTCOK-!^^ 
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bands  are  of  three  kinds :  those  attached  by  one  of  their  sides 
and  by  both  exiremilics  to  the  veutrielea;  thoBe  attacheil  by 
both  extremities;  and  those  ailaclied  by  one  extremity  alone, 
the  other  extremity  conoeotiuij  with  the  auricnlo-veutricular 
valves  by  means  of  the  intervening  chonlie  tendincas.  These 
latter  columns  carjiett  are  distinguished  by  the  name  of  museuU 
papillare»  (Figs.  '^"O,  i')!). 

There  are  also  two  seta  of  semilunar  valves,  the  aortic  and 
pulmonary  (Figs.  50,  51,  52).  Each  <tf  these  sets  of  valves  con- 
sists of  three  semilunar  segments.     The  pulmonary  is  situated 

Fio.  G2. 


Ip'lew  t>f  the  Ihm.  ii/  III*  rvitlrlcuUr  part  uf  Uie  lirart,  ■lniwlng  (hv  rnlnUvr  poiitlnn  oT  Un: 
Mlvllii)  tiulhurli  ulo-VonirlruIorMriflr^^ — 3^-,  t>i»  luiiM-iilHr  Itln'fo  <if  iIim  *«iirr<i'li-«  arurxi^iM^it 
lij  llir  ii-riw.**!  iif  \\\n  p««rji.-iinlhtPii,  fti(,  Iiltmtl*'-***!*,  -u.  ;  llii'  j.iilnu'iinrv  luti-rv  nnil  luiilii 
ti*ve  liorii  rt-iiiovtHl  lij  it  M'l-tiiiu  iiiaiIk  iiinnotll«ln]>  Iwyuliil  I)iu  ut(ii<  litmMlt  ff  llin  wiiilltiitar 
tnlMw,  aiwl  iUf  RiirirlM  httVc  l»wii  rt- nu'VfMl  tiomr<llnt«<ly  hImiv*?  Div  •iirt'*iil«t-*"ritrlfii)»r  tirifl«»». 
Thii  «>mi|iiiMr  hihI  itiiikM]i>-ti-ltlr|i'iiliir  \iilvtM  aix  Id  ihc  itt-Atly  <<liiw«l  i  ninMlluii.  1,  1,  Ibc 
Imj*  itl  lliu  riftbt  Ti'tittlrls  :  r,  till*  tn>uiu  nrliTliwiM,  wlilrli  t^  u  i«irilru]  (ii|«iivui|i  of  lllo  rtiflil 
Vftiirirln,  unmMlntf>Iy  At  Ihi*  \**\\\t  wbi-n-  Ihr  iitilniOTUirj'  jrtiry  HiiMnt ;  2,  2,  Uiv  tuiMi  of  ili« 
Ir^l  vnntrti^i]  ;  3,  ii,  ll|f  il(*('1t<.I  v.n\\  .»f  Ih.-  HKti<  "mrhU" ;  ■!.  OmiI  nf  tltn  |r-n  ;  ^  5'.  S".  Ibo 
trUoffpId  vhIvo  ;  n,  0*.  (he  titltml  ««lv>*.  In  tlin  ntiglv^  Iwtwrtin  tlxwe  ftcgmunts  lur  h-*«ii  lh» 
-trwllfr  frinRw  rr«*i)u<'ni)y  (JeiTveil ;  7,  Ul^  Mi(«ri<>r  p»iri  of  ilio  imlmmmrj-  nn*ry ;  »,  plwwl 
ii|»>i)  lit*-  iMMicrfoi   iHiil  ..f  till*  tw»f  tif  Ujp  •Mrt«  :  0.  tb"  riicht.  u*.  ib-  I'-R  ci>Tviwry  •ricry.— 

at  the  junction  of  thepulraonnry  artery  with  the  right  ventricle. 
The  aortic  ia  situated  at  the  junction  of  the  aurla  with  the  left 
ventricle.  On  the  middle  of  each  of  the  free  edges  of  these 
valves  id  a  small  nodule,  called  the  corpwt  Arantii,  which,  when 
the  valves  become  closed,  come  together,  and  are  disposed  in  a 


^rfwrmraiiw,  Him  ^ii^n^iiiened  Dy  tiDrous  tissue, 
le  passage  of  blood  through  the  heart  can  thus  be 
d  :  Coming  from  the  system  through  the  vcnie  cavie,  it 
right  auricle;  from  the  right  auricle  it  passes  to  thi 
ride;  thence  to  the  lungs  through  the  pulmonary 
r  passing  through  the  lungs,  it  again  enters  (he  heart  tl 
julmonary  veins,  into  the  led  auricle;  from  the  lell 
uses  int<)  the  led  ventricle,  and  thence  through  tb 
the  general  system  (Fig.  53), 


WMfm,  Mi|M>rl<iritDilliir'>rl(>r    ^,  Blirlil  <tfiiiH<  It*,   e.  ]*»Uufi,siri  arinrr-   •'■  I* 

vnln.    «.  lA'ft  «riimr1o.      f.  AorU.       *"   ■  '■       •     ■ 
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sharp — and  by  the  quaotity  of  fluid  ejected  at  each  beat.  Hence, 
with  a  priven  frequency,  force,  auii  churiicler  t»f  beat,  and  a  given 
quantity  ejected  at  each  bent,  the  problems  Avhich  have  to  be 
dealt  with  are,  for  the  most  p«rt,  mechanical.  The  vital  problems 
lire  chiefly  connected  with  the  caiusea  which  determine  the  fre- 
<l«ency.  furce,  and  character  of  the  beat.  The  quantity  ejected 
at  each  beat  is  governed  more  by  the  BtJite  of  the  reat  of  the 
body,  than  by  that  of  the  heart  itself. 


The  Phenomena  of  the  Normal  Beat 

The  Visible  Movements. — When  the  chest  of  a  mammal  is 
o|>ened  and  artiticial  reHpimlion  kept  up,  a  complete  beat  of  the 
whole  heart,  or  cardiac  cycle,  may  be  obaervod  to  take  pUice  as 
follows: 

The  great  veins,  inferior  and  snperior  venaa  cavae,  and  pul- 
monary veins,  are  seen,  while  full  of  blood,  to  contract  in  the 
ueighlx»rho(nl  of  the  heart;  the  contraction  runs  in  a  peristaltic 
wave  towards  the  auricles,  increasing  in  intensity  as  it  goes. 
Arrived  at  the  auricles,  which  are  then  full  of  blowl,  the  wave 
suddenly  spreads,  at  a  rate  Um  rapid  to  be  fairly  judged  by  the 
eye,  over  the  whole  of  those  organs,  which  accordingly  contract 
with  a  sudden  sharp  sysutle.  In  the  sysUde,  the  walls  of  the 
aaricles  press  towar4Js  the  auriculo-vontricular  orifices,  and  the 
auricular  appendages  are  drawn  inwards,  becoming  smaller  and 
paler.  During  the  auricular  systole,  the  ventricles  may  be  seen 
to  become  more  and  more  turgid.  Then  follows,  as  it  were,  im- 
mediately the  ventricular  systole,  during  which  the  ventricles 
become  more  conical.  Held  between  the  fingers,  they  are  felt  to 
become  tense  and  hard.  As  the  systole  progresses,  the  aorta  and 
pulmonary  arteries  expand  and  elongate,  and  the  heart  twists 
slightly  on  its  long  axis,  muviug  from  the  left  and  behind  towards 
the  fnmt  and  right,  so  that  more  of  the  leil  ventricle  becomes 
displayed.  As  the  systole  gives  way  to  the  succeeding  pause  or 
diast<3le,  the  ventricles  resume  their  previous  form,  the  aorta  and 
pulmonary  artery  contract  and  shorten,  the  heart  turns  back  to- 
wards the  left,  and  thus  the  cycle  is  completed, 

A  more  exact  determination  of  the  changes  in  the  form  and 
position  of  the  heart  during  a  beat  is  attended  with  considerable 
ditticulties.  The  following  experiment  has  been  made  with  the 
view  of  studying  these  changes  without  opening  the  chest,  and 
thus  without  depriving  the  heart  of  its  natural  supports.  If,  in 
the  unopened  chest  of  a  rabbit  or  d<>g,  three  needles  be  inserted 
throngh  the  cheat-wall  so  llntt  their  points  are  plunged  into  the 
substnuco  of  the  ventricle,  one  i  B)  at  the  base,  close  to  the  auri- 
cles, another  (A)  through   the  apex,  and  a  third  (M)  at  about 
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the  luuMIe  of  the  ventricle,  all  three  needles  will  be  observed  to 
move  at  each  beat  of  ihe  hetirt.  Tlie  hea<l  of  B  will  move  sud- 
denly upwards,  sliowing  that  the  ])(iiiu  of  the  needle  plungefl  in 
the  ventricle  Uinvis  dtjwuwards,  whereas  A  will  only  quiver,  and 
move  neither  di^li^t'lly  upwardt;  nur  downwHrdii.  M  will  move 
upwards  (and  lhereft»re  its  point  downwards),  hut  not  to  the 
same  extent  hh  B.  The  nearer  to  B,  M  is,  the  more  it  moves  j 
the  nearer  to  A,  the  less.  After  the  death  of  the  animal,  the 
needles,  if  properly  inserted  at  first,  per|>endicular  to  the  chest, 
will  he  found  with  all  their  heatl:»  directed  downwards,  indicating 
that  the  whule  ventricle  has  been  drawn  up  by  the  contraction 
of  the  empty  aorta  and  pulmonary  artery. 

The  behavior  of  the  needles  during  the  beat  has  been  inter- 
preted as  follows.  At  the  systole  the  whole  heart  is  thrust  down- 
ward by  the  elongation  of  the  aorta  and  pulniimary  artery.  The 
needle  A  at  the  ai>ex.  however,  does  not  move  its  place,  because 
this  downwarl  movement  is  compensated  by  an  upward  move- 
ment due  to  A  shortening,  during  systole,  of  the  longitudinal 
diameter  of  the  ventricle.  The  ban?  in  which  the  needle  B  is 
plungeti,  n)ovrs  downwards  and  draws  chiser  to  A^t. «.,  to  the 
A]>ex,  partly  by  the  downward  thrust  from  the  elongation  of  the 
great  arieries,  and  partly  from  the  shortening  of  the  ventricle 
itsi'If.  Naturally,  the  behavior  of  the  needle  M  is  intermediate 
in  character, il^  downward  movement  being  the  more  conspicuous 
the  nenrer  it  is  to  B.  The  experiment  then  is  taken  to  prove 
that  during  the  systole  the  ventricle  shortens  in  its  longitudinal 
diameter,  but  iliat  the  apex  remains  stationary  on  account  of  the 
ct^mpeusating  downward  thrust  of  the  whole  ventricle.  It  has 
been  urged,  however,  that  this  method  is  untrustworthy,  and  that 
simitar  movements  of  needles  thus  plactd  might  be  produced  by 
the  twisting  of  the  heart  on  its  long  axis,  combined  with  an 
appn»xirnation  of  the  heart  to  the  chest-wall.  And  different 
eoui'losions  have  been  arrivtnl  at  by  taking  plaster-of-Faris 
miMhds,  on  the  (ine  hand,  of  a  dog's  heart,  which,  while  having 
eeaseil  Itrattng  hut  not  yet  become  rigid,  has  iK-en  filleil  with 
blood  at  a  intHleraie  pressure,  and,  on  the  other  hand,  of  a  bcftrt 
of  the  same  size  in  uhich  a  c«>ntlition  simulating  systolic  contrac- 
tion  has  Iteen  brought  a)K>ut  by  immersing  the  empty  heart  in  a 
saturated  8*tluliou  of  pntiissium  bichromate  at  aO^  C  The  fom»er 
10  taken  to  represent  the  dinstolic  and  the  tatter  the  systolic  form 
of  the  heart ;  and  the  results  arc  checked  by  meftsurements  taken 
between  marks  }tlace«l  on  various  jvonts  '^f  the  suriace  of  the 
heart,  as  well  as  by  sections  of  a  heart  filletl  with  blo4xi  and 
hardened  in  a  Cv>ld  solution  of  pt^tassium  bichromate,  and  of  une 
emptied  and  har\lened  in  the  same  aolution  warmed  to  50°.  A 
comparison  of  the  two  hearta  in  tbeae  difierent  oonditioot  tenda 
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to  show  that  while  both  the  righl-to-lell  and  antero-posterior 
Hianieters  nre  diiiiinishefl  durin'<  systole,  especially  in  the  plane 
t»f  the  ofilia  veno^a  I  wherohy  the  nurieulo-ventricular  orifices 
become  narrowed),  the  longiludinul  diameter,  at  all  events  of  the 
Ifft  ventricle,  ia  not  lessened,  the  distance  between  the  apex  and 
the  auriculo-ventricular  groove  remaining  unchanged.  The  right 
ventricle,  the  change  of  form  of  which  is  complicated,  does  shorten 
to  a  certain  extent,  and  there  is  during  aystole  a  downward  move- 
ment of  the  conii3  arteriosus  upon  the  plane  (>f  the  ventricular 
bn«e  (which  possibly  may  explain  the  movement  of  the  needle  B 
in  the  above  mentioned  experiment),  so  that  the  distance  between 
the  apex  and  the  upjier  bnnltTof  the  conus  is  less  during  systole 
than  during  diastole.  This  method  also  confirms  the  view  that 
the  left  ventricle  in  gystole  turns  on  its  long  axis  towards  the 
right,  the  movement  increasing  from  the  base  downwanis,  eo  that 
the  groove  between  the  two  vontPicles  forms  a  clostT  spiral  than 
during  diastole. 

Objections  may  be  brought  against  this  method  also,  and  it 
eeems  irorKissible  to  explain  the  raovenients  of  a  lever  placed 
upon  the  heart,  unleBs  we  admit  that  during  systole  the  antero- 
posterior diameter  of  the  middle  portion  of  the  ventricle  at  least 
is  increased,  instead  of  lessened.  We  may,  however,  probably 
go  80  far  as  to  conclude  that  ae  far  as  the  ventricles  arc  con- 
cerned the  chief  change  during  syptole  is  one  from  a  roughly 
hemispherical  to  a  more  conical  form,  eHVcled  without  any 
marked  iliminution  of  the  distance  between  the  apex  and  the 
ventricular  base. 


Cardiac  Impnlse. — If  the  hand  be  placed  on  the  chest,  a  shock 

or  impulse  will  be  felt  ai  each  beat,  and  on  eiUmination  this 
impulse — "cardiac  impulse" — will  be  foond  to  be  synchronous 
with  the  systole  of  the  ventricle.  In  man,  the  cardiac  impulse  may 
be  most  distinctly  felt  in  the  fifth  costal  interspace,  about  an  inch 
below  and  a  little  to  the  ntcdiau  side  of  tlie  left  nipjile.  The 
same  impulse  may  be  felt  in  an  animal  by  making  an  incision 
thrtiugh  the  diaphnigm  iVom  the  abdomen,  and  placing  the  finger 
between  the  chest-wall  and  ilic  aprx.  It  then  can  be  disiineily 
recognized  as  the  result  of  the  hardening  ol  the  ventricle  during 
the  systole.  And  the  impulse  which  is  ielt  ou  the  outside  of  the 
cheut  is  the  same  hardening  of  the  stationary  portion  of  the  ven- 
tricle in  contact  with  the  clie.^t  wall,  transmitted  through  the 
chest-wall  Ut  the  finger.  In  it^  flaccid  stale,  during  diastole,  the 
apex  is  (in  a  landing  position  at  least.)  at  this  point  in  contact 
with  the  che^-t  wall,  Iving  between  it  ami  thi;  tolerably  resistant 
diaphragm.  During  the  systole,  wliile  being  brought  even  closer 
to  the  cbeat-wall,  by  the  movement  to  the  front  and  to  the  right 


algo  through  the  iJiHphragm  when  the  abdomen  is 
the  finger  inserted.    If  the  modificatiun  of  the  sphygi 

seclicm  ou  I'ulbe),  called  tl»e  caniiograph,  be  placet 
.  where  the  impulse  is  felt  most  strongly,  the  lever  is 
aised  during  the  systole  of  the  ventricles,  and  to  fa 
he  systole  passes  away,  very  much  as  if  it  were  place 
rt  directly.  A  tracing  may  thus  be  obtained,  of  w 
1  have  to  B[>e»k  mure  fully  immediately.  If  the  b 
lever  be  placed,  not  on  the  exact  spot  of  the  inipuls* 
itle  distance  from  it.  the  lever  will  he  deprej^sed  dui 
ole.  While  at  the  spot  of  impulse  itself,  the  coutaci 
Iricle  is  increased  during  systole,  away  from  the 
Iricle  retires  from  the  chest-wall  (by  the  diniinutio 
iMo-left  diameter),  and  hence,  by  the  mediastinal 
is  of  the  pericardiuro^  draws  the  chest-wall  atler  it. 

ndo-cardiac  Events.— In  order  to  study  more  fully  the  i 
g  on  in  the  licart  during  the  cardiac  cyele,  it  become 
to  know  something  of  what  is  taking  place  in  the 
10  cavities  of  the  heart.  Chauveau  and  Marey,  bj 
Dg  into  the  right  auricle  and  ventricle  respectivelj 
e,  through  the  jugular  vein,  small  elastic  bags,  each  * 
ting  witfi  a  recording  tambour,  were  enabled  to  take 
[lus  tracings  of  changes  occurring  in  the  two  cavities, 
ts  are  embodied  in  Fig.  54,  of  which  the  upper  cur 
ng  taken  from  the  truride,  the  nnddte  curve  a 
ng  taken  from  the  ventricle,  while  the  lower  curve  i 
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I©  wHiinfj-potnts  oT  hI)  »hr»'«  lovon*  are  bmiight  to  bear  on  tho  miiiio 
recifrdini;  RiirtiiL-c  cxnctly  uridtTnuitlh  eiich  other.  The  lubo  i*  riin*rully 
intnKUiL-i'<l  (hri(Uj*h  ihr  rii;ht  jn^^uhir  vimd  iiiti  ihe  ri«;ht  ••'kU*  (it*  thi;  htilirt 
unltl  iho  Iviwcr  iveniricuhir)  biic  ie  fairly  in  lli**  cavity  nf  the  riyhi  Kcn- 
trill'.',  atwl  cmi^rgiienliy  tin-'  iippL-r  (iiuriculiir)  l»nn  in  ihc  cavity  ut'  the 
right  tiuricle.  (.'hu'i^i-^  of  prv-siire  on  cilht-r  aiii|>nllft  then  cnuso  move- 
meut-t  ut  thfi  I'oircsptiiding  lever.  "When  tho  pru-mre,  for  infiliincu,  <»n 
the  HtapullH  \a  the  aurida  U  iii(!reAic*d,  tho  auricular  lever  i*  ruUed  ftod 


Flo.  54 


'SrM1<I.TiMB(n.lTH%ri1liM  VKf'M  TtlM  IHTKHImII  or  mil  KlUIlT  Al'Wrt.r,  rnoH  THE  l>TrBI<)Q  or 
Tiir  Itfjiii  V«?iiHii.n|.i.  4»p  or  niK  t'ARiiU-  ImI'ioj:,  \jt  riik  IK<u*ft.  Afici  i'li  *i'^  »*r  axu 
Mjlltiv.     Tu  Ui  inMl  IVi'in  l-ft  t<<  r  Ik  til  1 

Tb«  tt|»|)«r  rur*..  ir|.r»wt>iilii  rIj»hp-«  tnkluf  jil^i-n  wirliin  th'-  mirk-Ir,  iln'  nilildk  c-urw 
«*baiij[M  wjtiilri  llii*  ^-iili-i'lf.  Tti"  ln*«trvurv«  n-i-rt^i-ulj  lie  ti(rl«ll<iU4  i>r  |>i«wtirr  linn** 
uilIM  U)  u  Irviij  uuUl'li!  ttui  i'li4«t  anti  ruiwLllutJitK  tlii>  i-anliiic  [iii)iul.w  A  ntriiplvli*  imr\lt«r 
•7<K  (M-Htiinlaic  mt  tliv r  Urti-  vf  ih><  viiutri'  ulur  «>(il<*lr.  i*  <'nmi>riw<)  lM>iwi<f>n  iIk-  ttiirtt  i»niukl 
llitM  I  awl  U.    Thn  thhi  wriloil  Uuw  rir|>rMtfat  UiDlli*  u^  »  mupxmI.    T1>»  «xj4iiua(1uu  o(  Utv 

t"Men  !■  ig\<,„u  i|,  th«.  te»t 

diiscrilies  on  the  rucordin^  *urfH<»  un  ascending  cmrve ;  when  Ihe  pressure 
w  tnki-n  i(tV,  the  lurve  discondt^ ;  nnrl  s«>,  nWt,  with  tho  venlriilu. 

rhc  *'»oiiiid''  limy  in  ft  *iu»ilitr  innnni-r  1h'  n'lidilv  inti-'Mliifi'd  Oironsh 
the  ciinHid  arWry  into  tho  Itft  ventricle,  und  the  ehimgca  tiiking  pliicc  in 
Ihat  e-humlttT  also  explurcd  ;  tUese  aio  found  to  bo  very  similar  to  thoae 
of  iJiP  right  ventricle, 

.,,^5  ."""*  ***^  rpmpinboreU  that  the  curves  in  the  dtngriiH)  nre  inren<1eil  merely 

t>i]*e<  ;)OcQrring  itt  iliffervut  times  in  the  mine  ahiiiiiber,  iir  lo 

in  i)io  une  chumbur  uro  t:uinciOcnl  in  puint  of  liuio  wilh 

-  -.-*,. *i-.     They  in  no  wuy  Indiunto  ihe  owiohmI  u/  jitc»»urr  vxcrtod 

a«  cuBipareiJ  with  that  in  iho  renlrlule. 

10* 
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We  may  employ  these  curves  as  giving  a  general  and  useful 
view  of  the  seijueuce  of  events  in  the  interior  uf  the  heart ;  but 
we  nmst  bear  in  inimi  exactly  what  they  mean.  The  tracings 
given  by  the  auricular  and  venlrit'ular  levers  really  represent 
variations  iu  ihe  presaure  exerted  on  tlie  respective  ampullie,  and 
so  far  are  instructive ;  but  they  must  not  be  taken  as  represent- 
ing variations  in  the  pressure  exerted  on  the  blood  in  the  several 


Fio  65. 


NAiiJtrr-  Tavimii  r,  «iTit  rAHiirM>  Sin  m>. 

A  A  «tinp|A  iitrdUur  wMitiH,  •riirli  u  nut;  Iki  itiwil  tnt  *>%\Atmti<>n  of  llio  U'ft  vntricl**.  Th» 
ivriidii  in)  oftUf  itiii|>it|]jt  at  III"  <'i)j  tfl  of  tliiu  Iii<ll^nilili>>r,  Htri'irhiMl  urer  an  M[ipn  fhuiwwurli 
with  tiKtiillif  cii)ipiirU  ulitivu  Ahit  txlow.  Iliv  Imiix  tulw  6  nrv***  In  inrrmliH^  li  intn  Uu* 
r«v|ij  which  It  l»  rteilrH  to  oxiilum 

B.  Tlir  tAiiil->ur,  Tilt'  mt'tol  I'hajiilxr  m  IkwctmI  in  ftn  ftlr-tlKlii  nwiitiir  with  rho  InHtn* 
ruhlNtr  •-,  iN'ttrlni;  itUiln  tiivliil  plaU>,  m',  lo  VtlUcIt  U  Atlach««l  titc  U'^vt  I  rnxviniK  on  lh«  hlDgv 
h.  Tli«>  W'IiiiIk  tniiiUiur  mil  Im  |ilii>-oiJ  l>v  iiiitau  uf  ihi-  rlftin|>  r7  a(  any  Wf|;til  on  lbt<  ii|iH|tlll  ^. 
Tlui  lfiilln-rulitH.T  Hlbf  (  Mrvcft  ti<  miiiirt  I  IIk*  tiili>Hi>r  tit  tti>'  ti«niUiiir  cHIht  with  llic  f»tUy  iit 
Ul*Kin|iti1ltt  of  A  or  wflh  UII1'  tKbcr  tiivlty  !*q[i|iu-lriK  ilixt  tin-  iiiIh'  f  w(>p'  ■  KitnrtiNl  wiifa  A, 
lUiy  lircwurr  pXf  rt«"1  (>»  m  wi>iil<l  mtiv  ilif  naif  irf  Mm<  tnnilxxn  )■■  Hm-  mihI  thr>  i«iiiil  nf  iIm' 
l0Vi>r  wuoU  be  (>n>iKjrtt«»iuit('l)  mbvHi. 

cavitii'S.  For  we  can  easily  conceive  that,  in  the  systole  of  the 
ventricle,  for  inelanoe.  the  contraction  of  the  muscular  walls 
might  continue  after  all  the  blood  contained  in  the  ventricle  had 
been  driven  out.  In  such  a  case,  the  ventricle  would  continue 
to  press  upon  the  ampulla,  and  this  continued  pressure  would  be 
tnvnsmitte<l  to  the  lever,  and  indicated  on  the  curve ;  but  we 
should  be  in  error  in  interpreting  this  part  of  the  curve  as  mean- 
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ing  that  the  ventricle  was  atill  continuiue:  to  exert  preasure  on 
the  l)lo<Hi  aayet  reniaiuiug  iu  its  cavity.  With  this  crtuliou.anti 
with  the  renmrk  that  the  tracing  of  the  cardiac  impulse  is  very 
uulike  the  usual  cardingraphic  tracings  taken  from  man,  we 
may  use  the  curves  to  deduce  the  followizig  ooucluHions : 

A  complete  cardiac  cycle  is  comprised  between  the  vertical 
Hnee  I  and  II.  The  recording  suriaco  was  travelling  at  such  a 
rate  that  the  intervals  between  any  two  of  the  thin  v*riica!  lines 
corresponds  to  one-tenth  of  a  second.  Hence,  in  this  case  (ihe 
heart  being  that  of  a  horse),  the  whole  cardiac  cycle  occupied 
about  -{Jths  of  u  second.  Any  poiut  in  the  cycle  might,  of 
course,  be  taken  as  its  commencement.  In  the  6gure.  the  cycle 
is  Buppoeed  to  begin  shortly  after  the  end  of  the  ventricular  sys- 
tole, and  the  beginning  of  the  diastole. 

On  examiolng  the  three  curves,  we  see,  at  «,  a  steady  rise  of 
the  auricular,  accompanied  by  similar  gradual  ascents  of  the 
ventricular  and  also  of  the  cardiograph  lever.  These  may  be 
interpreted  as  indicating  that  the  blood  is  pouring  from  the  great 
veins  into  the  auricle,  increasing  the  pressure  there,  and  at  the 
same  time  passing  on  into  the  ventricle,  increasing  the  Internal 
pressure  there  as  well,  a',  and  also,  by  distending  the  ventricle, 
causing  it  to  press  somewhat  on  the  chest-wall,  and  thus  to  raise 
the  cardiograph  lever,  a".  This  continues  for  about  7*(jth8  of  a 
second,  and  is  then  followed  by  the  sudden  rise  of  auricular  pres- 
sure, by  due  to  the  auricular  systole,  followed  by  a  sudden  fall  as 
the  blood  escapes  into  the  ventricle  and  the  8yBtt)le  ceases.  The 
sudden  entrance  of  blood  into  the  ventricle  causes  a  sudden 
increase  of  the  pressure  in  the  ventricle,  as  indicated  by  the  ven- 
tricular lever  b  ,  and  a  sudden  iucroasc  in  the  pressure  on  the 
chest-wall  6''.  The  auricular  systole  is  followed  immediately  by 
the  sudden,  strong,  ventricular  systole  c',  the  lever  rising  very 
abruptly.  Owing  to  the  presence  of  the  tricuspid  valves,  the 
pressure  exerted  by  the  ventricular  systole  is  kept  ofl'  the  auricle 
almost  altogether;  but  the  chest-wall,  as  shown  by  the  tracing 
at  c",  feels  the  sudden  increase  of  the  pressure  of  the  ventricle 
against  it.  The  most  important  points  concerning  this?  rise  of 
ventricular  pressure  are  that  it  is  sudden  in  its  oii^et  and  also 
rapid  in  its  decline,  and  that  it  lasts  for  a  conijmralively  long 
time;  in  the  figure  this  part  of  the  curve  embracus  more  thnn 
four-tenths  of  a  second.  These  features — the  sudden  rise,  the 
long  duration,  and  the  rapid  fall  of  the  pressure  exerted  hy  the 
ventricle — are  seen  in  all  tracings  of  the  ventricles  eugaged  in  a 
cardiac  beat,  whatever  he  the  method  employed.  They  mean,  of 
course,  that  the  muscular  contractions  which  constitute  the  ven- 
tricular syatole  couie  on  suddenly,  that  they  last  alttigether  a 
coDsiUerable  time,  and  that  relaxation  is  also  rapid.     With  the 
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md  of  tho  ventriciilflr  ayfltole,  the  cycle  represented  in  the  figure 
in<ia,  ami  a  new  cycle  I)egin8,  re(H5ating  the  eanie  cliangfs.  The 
luenniiig  of  thu  features  on  the  curves  marked  e  antl  fi,  etc.,  as 
well  as  a  luore  cumnlelt*  iliBctissiou  of  the  changes  thus  briefly 
deacribedf  we  must  deter  till  we  have  spoken  of 

The  MechanUm  of  the  Valves, 

The  anriculoventricolar  valves  present  no  difficulty.  Ah  the 
blood  is  being  driven  by  the  auricular  systole  into  the  ventricle, 
a  reflux  current  Is  probably  ael  up,  by  which  the  blood,  passing 
along  the  sides  of  the  ventricle,  gets  between  ihem  and  the  flajis 
of  the  valve  (whether  tricuspid  or  mitral).  As  the  pressure  of 
the  auricular  sytitole  diminishes,  the  name  reflux  current  floats 
the  fltips  up,  until  at  or  immetliately  after  the  close  of  the  systole 
they  meet,  and  thus  the  oriHce  is  at  once  and  firmly  closed,  at  the 
very  beginning  of  the  ventricular  beat.     ( Figs.  5(5,  57.)     The 

[Fio.  66. 


t^uttKAJi  or  Taltb  ur  tmi  Uukt.    Aftrr  I>u.ti<]i.] 

Increasing  intraventricular  j)reflwun'  serves  only  to  render  the 
valve  more  and  more  tense,  and,  in  consequence,  more  secure,  the 
chitrdio  tendineie  (the  slaektMiinjr  of  which,  through  the  change 
of  fi>rra  of  the  venlrirle,  is  pmbably  obviated  by  a  regulative 
conlrnclion  «.f  the  pnpillury  muscles  \  at  (he  ?ame  time  preventing 
the  valve  from  Iwing  inverted  or  even  hulpini;  into  the  auricle, 
and,  jndcoil,  according  to  some  ohpcrvrr^.  U"'ping  the  valvular 
sheet  actually  convex  to  iho  ventricular  enviiy.  by  which  means 
Iho  '  »  *»Mt>tyiftg  of  iho  ventricle  is  »uore  fully  efltcted. 
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Unce  the  Pfltue  papillary  muscle  is  in  many  cases  connected  by 
chordie  with  the  adjacent  edges  of  two  flaps,  its  contraction  also 
eerves  lo  keep  these  flaps  in  more  complete  apposiiion.  More- 
over, the  extreme  bonlera  of  the  valves,  outsitle  the  attachments 
of  the  clumiie,  are  excessively  thin,  po  that  when  the  valve  is 
closed,  these  thin  portions  are  pressed  flat  together,  hack  tu  back  ; 

[Fio.  57. 


DiAiiKAK  •(»  y'xtvn  or  nil  ITiUKt      After  l>Ai.TttN  ] 

hence,  while  the  tougher  central  parts  of  the  valves  l)car  the  force 
of  the  ventricular  systole,  the  opposed  thin  membranous  edges, 
pressed  tof^other  by  the  blood,  more  completely  secure  the  closure 
of  the  orifice. 

The  aemilnnar  valves  are,  during  the  ventricular  systole, 
pressed  outwards  towards  but  not  close  to  the  arterial  walls,  reflex 
currents  probably  keeping  them  in  an  intermediate,  position,  their 
orifice  forming  an  eijuilateral  triangle  with  curved  ^ides;  they 
thus  offer  little  obstacle  to  the  escaiMJ  of  bIoo<l  from  the  cavities 
of  the  ventricles.  The  ventricle  propels  the  blood  with  great 
force  and  rapidity  into  the  aorta  au<l  the  whole  contents  are 
speedily  ejected.  Now,  when  in  a  closed  channel  a  rapid  current 
8ud<lenly  ceasoii,  a  negative  pressure  makes  its  apjwarauce  in  the 
rear  of  the  fluid,  and  sets  up  a  reflux  current.  S*»when  the  last 
pnrtiuns  n\'  blood  leave  the  ventricle  a  negative  pressure  makes 
ita  ap(>earBnce  behind  them  in  the  ventricle,  and  loaHs  to  a 
reflux  current  from  the  aorta  lowanU  the  ventricle.  This  alone 
would  tend  to  bring  the  valves  together,  but  in  all  probability  it 
is  not  till  a  short  (variable)  time  afterwards,  that  upon  the  com- 


^^^frBpletectJtitact,  without  uiiy  etniin   lieln^  pii 
;  In  thU  way  the  orifice  is  c)ose<]  in  a  tnost  efficient  t\ 

c  in>:nnii»ii»  view  put  forwnrti  \>\  Hru'-kr  tliiit  durinc;  llie  vc 
e  the  tirtiw  ur»>  I•^•M^Ml  Imrk  Hat  hi^hui'I  tlirnrlorial  wulU,  h: 
if  tin-  iiortii  ooiiipliU-ly  cover  nj)  llio  oritlc***  o(  ihp  con'mirv 
tt  tho  rti»w  I'f  Mo<hI  rii»ii»  ilir  jinrtii  »nio  tin-  tN.r»>n«ry  iirt«?rn5#  i 
only  iluriiii;  ihu  vt«nliitnitiir  itimlnk*.  or  nt  lh«  vory  iK'guinin 
e,  nnd  not  lit  nil  during  the  syitulo  itaclf,  hit«  been  disproved 


¥ 
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hru  the  enr  is  applied  to  the  chest,  either  directly 
M  of  ft  8tolh(iacoj>e.  two  sounds  are  heard,  the  first 
lively  lone  dull  booming  suund.  the  second  a  short  ' 
BD  w.\e.     Between  the  first  nnd  second  sounds,  the  inl 
tie  is  v<'ry  short,  tiK»  short  to  Ix?  mensurable,  but  be 
lecoml   nntl   the  succwdinjj  first   sound   there  is  a  di 

The  sounds  hnve  bi«en   likened  to  the  pronnnciat 
llablw.  lubh,  dilp,  8<i  that   the  C4irdinc  cycle,  as  far  i 

are   eoneeruc<i,    might    U>    represented    by    lubb, 


soooad  shi>rt  sharp  sound  presents  no  difficulties, 
deut  in  |>oint  of  time  with  the  eloaure  of  the  semi 

and  is  hea^1  in  the  best  advantage  over  the  seoood' 
cartiln^ce  cbist*  \x%  its  juDctinn  with  tbe  vtemum-^ 
int  where  ih*^  aortic  areh  o»mets  nearest   to  the  M 
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The  firat  sound,  hmper,  duller,  and  of  a  more  "booming" 
charactur  llmu  ttie  second^  heard  with  greatest  diiflinctnesH  at  tFie 
spot  where  the  cardinc  impulse  is  Celt,  prcseola  many  diifit'ultics 
in  the  way  of  a  complete  exphuiatiou.  It  is  heard  dit^tinetly 
whcu  the  chest-walls  are  removed.  The  cardiac  inj[nilse,  there- 
fore, can  have  little  or  nothing  to  do  with  it.  In  point  of  time, 
and  iu  the  position  in  which  it  may  be  heard  to  the  greatest 
advantage  (at  the  spot  of  the  cardiac  impulse  where  the  ven- 
Iriclcfi  come  nearest  to  the  surface),  it  corresponds  to  the  cl(»sure 
of  the  auriculo-ventricnlar  valves.  In  point  of  character  it  is 
Dot  such  a  sound  as  one  would  expect  from  the  vlbrntinn  of 
membranous  structures,  hut  has,  on  the  contrary,  many  of  the 
characters  of  a  muscular  sound.  In  favor  of  its  being  a  valvu- 
lar bound,  may  be  urged  the  fact  lliat  it  is  obscured,  altered, 
replaced  by  murmurs,  when  the  tricuspid  or  mitral  valves  are 
diseased,  and  according  to  some  authors  clamping  the  great  veins 
so  as  to  shut  iiff  the  i>Iood  supply  stops  the  sound  though  the 
beat  continues.  The  Hrst  argument  may  be  met  by  the  con- 
sideration that  a  murmur,  though  itscll'  undoubte<l]y  of  valvular 
origin,  might  largely  or  completely  hide  a  sound  occurring  at 
the  same  lime  as  the  chwure  rif  the  valves  but  due  to  other 
causes,  and  the  second  is  directly  contnidicted  by  an  experiment 
of  Ludwig  and  Dogiel.  These  observers  tied  in  succession,  in 
the  order  of  the  flow  «tf  blood,  the  great  veins  and  arteries  of  the 
heart  of  a  dog  so  as  conjplcicly  to  deprive  the  heart  of  blood, 
and  listened  to  the  heart  both  within  the  body  and  alter  removal. 
For  the  short  time  that  the  heart  continued  to  beat,  the  tirst 
sound  was  heard,  feehle  but  with  its  main  characters  recogniza- 
ble. From  this  they  inferred  that  the  soun^l  was  of  muscular 
origin.  But  there  is  a  great  difficulty  in  regarding  the  sound  as 
a  muscular  one,  for  a  muscular  sound  is  the  result  of  a  tetanic 
conlractiifn,  the  height  of  the  note  pHwluced  varying  with  the 
rate  of  repetition  rit  the  simple  contractions  which  go  U*  make 
up  the  tetanus.  A  simple  Cfjntraction  or  spasm  cannot  pos- 
fliuiy  produce  a  sound  having  the  characters  of  the  lirst  car- 
diac sound.  And  the  evidence,  though  perhaps  nr>t  cimclusive, 
goes  to  show  that  the  beat  of  the  heart  is  a  slow  long  continued 
single  spasm,  inlermciliate  hoLwccn  the  coutriicfmii  of  an  ordi- 
nary striated  and  that  of  an  unstnated  muscle,  and  nut  a  tetanic 
couiracliou.  We  cannot,  it  is  true,  now  rely  in  suftport  of  this 
view  on  the  fact  that  when  the  nerve  of  a  rheoscopic  muscle- 
nerve  preparation  is  placed  on  the  beating  ventricle,  each  beat 
is  fidhmeJ  by  a  single  spasm  of  the  muscle,  and  not  by  a  tetanus, 
for  we  now  know  that  many  forms  of  tetanus  (e.g.,  those  caused 
by  the  constant  current,  by  strychnia,  and  probal)ly  all  natural 
voluntary  contractions)  give  rise,  in  a  rheoscopic  muscle-nerve 
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pr«|)&rtttion,  to  a  Mingle  initial  Hpasm  and  not  to  a  tetanus.  Bat 
thr  ^i'iK<ral  iValuron  of  the  beat,  its  long  latent  period  and  the 
i(nMliiii'tii  dI'iIw  viMiirirnlflr  «y«U*le  through  the  auricular  systole 
jntM  th<*  rhythnii('  oonlraotiont*  of  the  unrttriated  fibres  of  the 
wiillfi  of  tliti  ^rrot  vcitiM,  rcn'Icr  it  diflicult  to  suppose  that  the 
bt'Ut  in  really  a  l<'l«nu».  Moreover,  the  long  duration  of  the 
ventricular  8y»it<»l«  is  readily  exphiined  by  the  wave  of  contrac- 
tion paaain^  tn  a  eomplicitted  peristaltic  raanuer  over  the  differ- 
ent tibrea  in  aucce«Hii>n.  But  if  the  beat  be  a  simple  contraction, 
It  runnot  give  ri^e  to  a  muHculnr  8ound,  unless  we  auppoae  that 
iIiIm  Mt'ouencL'  of  simple  cuutraolions  over  various  parts  of  the 
vi^ntrielt!  in  MucrcHHiou  is  udeipmle  to  produce  such  a  Bound. 
ThiH,  however,  dot'si  not  Boeni  very  siilisfactory. 

On  the  other  hand,  if  we  reji*ct  the  distinetlv  muscular  origin 
of  the  ttound,  wii  arc  alniottt  driven  to  suppose  that  the  abrupt 
Byt»tolo  iH  able  even  In  the  abnenee  of  blood  to  produce  such  a 
dudden  tension  of  the  valves,  and  of  the  ventricular  walls,  as  to 
give  riHc  to  a  nntc.  On  »ueh  a  view,  the  sound  ought  to  vary  in 
char«et*'r  aeeording  ns  the  ventricle  is  more  or  less  tilled,  being 
low  and  buoiiiing  when  it  is  full,  and  high  and  sharp  when  the 
etti'tenlH  are  seanty.  And  such  is  said  to  be  the  case.  But  the 
niHller  dot's  not  ac  prc^sent  seem  ripe  for  any  dogmatic  statement. 

hi  the  nornud  state  of  things,  the  l>eat8  of  the  two  ventricles 
are  so  far  syiichroixms  with  each  other  that  practically  only  one 
tiri<t  sound  and  one  st'cond  sound  is  heard.  It  sometimes  bap- 
penii.  however,  that  the  synehrouism  fails  to  such  an  extent,  and 
the  eliwvire  of  the  pulimniary  and  aortic  valves  resi)ectively  are 
separateil  by  such  an  interval  as  to  give  the  second  sound  a 
double  oharaeler. 

On  the  Hdativt  Duration  und  Special  CharaeUrs  of  Uu 
Cardiac  Juv^nU. 

We  may  now  rrturn  to  a  more  detaileil  study  of  what  is  taking 
plaiv  in  inr  heart  iluring  a  beat  We  have  already  spoken  of 
the  ciuu-lusiv>ns  which  may  be  drawn  from  Cbauveau  and  Marej'a 
ourvea,  and  have  inciileutaliy  (p.  Id4)  referred  to  the  cardio- 
gniph. 

Various  forms  of  rardiograph  have  been  used  to  record  tfa« 
eanltae  impulse.  Id  aome  the  preaaure  of  the  impulse  as  in  the 
sphygmo;;r«ph  is  iranamitted  directly  to  a  lever  which  vritea 
uiiou  a  travel Itug  sur&ce.  In  others  the  impulse  bi,  by  aeaoa 
of  an  ivorv  buttou.  hrvHighc  t*i  l>«ir  on  an  air-cnamb^r,  coonected 
by  a  tube  with  a  tambiur  as  in  Fi^.  ■V'^:  the  prvssuni  of  the  c*r- 
iAs^;  impulse  iMinprvaaw  the  air  iu  th<  air-chamb^^r.  and  ihroagh 
ihU  l\w  air  in  the  ch«mber  of  the  tatnUmr  by  whicb  ih«  lervr  m 
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raistd.  In  such  «]olicnte  nnd  comnlicatefl  movements  ns  tht«e 
ol'  the  heart,  however,  the  use  of  long  tubes  filled  with  air  ia 
liable  to  iutroiluce  various  errors.  A  cardiogruphic  tracing  ot 
ordinary  chnractere  \s  giveu  in  Fig.  58. 

Curved  of  the  varialious  in  internai  pressure  may  be  obtained 
by  paasiug  a  tube  connected  with  a  mercurial  manometer  (as  in 
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rAniMCM»RAMm'T«APor<KtrrAwnAr  T»i-mAK  t%  Min.    Fnmi  iMMtMiiA. 

All  vnlirr  lavl  iMr)tP«  iMtwrrn  t*  Mud  /.  Ttio  ttiirioitUr  ^.viKolu  In  iiukrhril  \ty  h,  llir>  («ii(1  of 
III"*  voulrlrtilar  n>liiiL«tK>ii  Itj  /.  Al  '.'tliopilglHMt  |».tln(  of  tlH>  iiirvi-,  t)ie  bltnnl  I>u|;jm  t«i  Iw 
)(ni|M-IU>il  friiiu  thr  vontiiilf      r/iiinl  r  4r«  ooiicMKnil  hy  4(>nM'  to  hiilii-Mlt<  thn  eluaiim  nf  tha 

(x*DT«x  carrn  whk'li  ibeir  lMM>-Unt  furuu  U'luf  In  Uk*  ru^4rqhtry  lii'iri'mmui. 

the  investigation  of  arterial  pressure,  p.  160)  into  the  right  ven- 
tricle ihruiigh  the  jugular  vein  or  into  the  left  ventricle  through 
the  carotid  artery.  But  this  method,  though  useful  for  the  pur- 
pose of  investigating  generally  the  pressure  exerted  by  the  car- 
diac walls,  is.  by  reason  of  the  inertia  of  the  mercury,  uuBuitable 
for  detecting  rapid  and  Bmsll  changes. 

Tracings  of  the  niovemenl*  of  the  ventricles  themselves,  corre- 
sponding 10  the  cardiac  impulse  and  bo  to  a  certain  extent  to  the 
variations  of  internal  pressure,  may  also  he  taken  directly  by 
bringing  a  light  lever  to  bear  on  the  (Mitt*ide  of  Itie  ventricles,  the 
chest  having  been  previously  opened  find  artiHcial  respiration 
kept  up.     A  curve'  taken  by  this  njethod  is  shown  iu  Fig.  59. 

I  The  mnjoritr  of  o&nliogriLphic,  «ph,TgtitognLphi<',  and  other  traoiogf,  ihow 
c«rtitin  polntf  which  can  be  uDilemtuoil  iil  n  glauee,  but  umny  charncterutlofl  o*n 
only  be  lexruetl  b;  "  meafuriog  out  the  curve/'  a»  it  ie  lermed.     Thit<  is  ilone  aj 

Every  trnoltif;  ought  to  henr  on  it  nn  abicinsa  line,  intirke'l  by  n  pnlnt  which 
teniMios  inniionles*  while  the  recuriling  «urrnee  \i  iravctling.  Moreover,  either 
before  or  tiTitsr  tuking  a  curre,  while  the  paper  or  rconrtling  tiiirfare  [i^  at  rent,  the 
point  of  the  lever  aHouIiI  bii  nlwuys  itioveti  up  and  (iuwn,  so  ad  to  deifortbe  n  scg- 
luenl  (>i»  circle  of  ttliich  (be  twU  ol'  ide  te^or  \%  the  centra. 

The  tracing  Ihun  prepared,  when  it  hi^  In  be  ineimnretl,  t«  pinned  oat  on  a 
hoard,  end,  by  me«nc  ol'  n  pnir  of  coiupiuseii,  the  diitnnce  between  whose  pointa 
ba«  prcyluuftly  been  iiiiide  I't^ual  to  the  di«tnuce  between  the  axis  find  the  nitint 
of  the  lever  uved  in  timktng  the  experituent,  the  oentr*  of  the  olrole  of  whioa  the 
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The  chief  interest  and  the  chief  difficulties  are  attached  to  the 
systole  of  the  ventricles.     In  order  to  understand  this,  the  most 
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NticiHAl  limrt-rurTr.  ftti<min(s  rh*lif[<'«  In  Utc  aut*'n'-jH«ivn(ii  ilininv)(<r  *'\  tlic  tuiitrltJ«, 
•  •Ifiiilticil  fn'in  thr  (nt  l>r  •  ligltl  ivtrunllni;  lvt»r  luovwl  l»y  «  IniKon  \*lilih  I'tve^rtl  tJi-iKlynii 
Ihr  tiiilf-i*tiir  mirfaci!  u(  llic  vnnlriiU-.  The  llmo  rnrrc  «lT«i  Wi  iluulilo  tiliniUnnn  (wr  M-fviiiil. 
uihI  Umm  \\mj\v  liei!ii  dnwn  tn  hIiuw  I1k<  iliii-Hlluit  uf  tltr-  lilfTnviit  i>lutM?  «r  tbv  t><ntni*ulttr 
MutciiiPDi.  u  tn  &  c»rrv*i»'Ud»  lu  ttiv  (IkMcHik'U  •■!  Ill*  ri'iitmli',  tiHJiiilltMt  fliu  Miirit'ulAr 
pyMidi'.  th<-  niivp-liko  riM;  ilurInK  tItU  |>4>rl>i>)  U'iiig  ilm- 1.>  tlir  im-ixiue  in  \\w  illunx-ti'r  or  lliu 
Vcntrlrlr  n-^iiltiliir  rpnii  ftji<  rUlmiHT  Itifo  H  <A  tlic  rmilDlilA  uf  lltr  aurlrlr  Tlir  |irr1uH  ftvm 
ft  !•■  r  (xirrv»iK>nflB  !■>  Hit:  tltiii-  rivm  the  t-<>iiiuitriu.t-UH-ii1  «(  llx  vcnlriculnr  i'i>iillwll<-'H  !•>  Um> 
m'ulMmt  wliva  the  or^Nii  li««  M>Mi|'I>'t'-<l  it«(  hrtnftr'  Id  rl»H|M<  fi>>lii  »>  HiiIIcih**)  ton  timrv  nminliNl 
fiiru.  T)i<*  bf|;lii«l  iiurt  uf  ItiK  nirTf  ii>rn'*)«<ii<l«  hUi  in  limu  wil)i  ihr  m|n'Ii1L);  uf  (iiA  artnl- 
iMiiJtr  >iilv<-*Ne  wpII  ii*  ftit?  Itnn  i-Uxun;  of  tl)«  uurli'ul<--v<-iiiri<'ul«i' \a1ii-*.  Tlitr  iliirBiUin  ^>f 
lUU  jirrli"!  In  lhi>  t-***-  in  tirilv  uttviil  ;V-''icttM  <«f  <•  ««.inil  Tlir  |«rrii"I  from  rl<>  rf  i»  thai 
•turiDK  which  Ui4>  ti-liliirlo  linUiifc  ^mMfKNt  II*  f^nitrtit- u  •-■ii|-tj  ln|i  Hn  r«vlly  nrnl  mmUtiU)^ 
tviiitrHct4Hl.  Ii  nin  Im<  wrn  lli»t  I'tiljr  duhiiR  tin-  (Irrl  holf  i>f  IhU  ivtiuil  l«  tlii*nr  any  uiiukwO 
ikwoiit  Mf  iIm>  Ixti'i-  iM'hit ;  Id  •.'thnr  «<j«<1^  |Iii>  Aii|><iv-|>L>«(<*rliii  ObuiK>tr>r  'V»-*  ii<>t  uiiiUaoa  tn 
(lllniiii<li  •lutJiiK  lti<  «li»lt-  |>fn(><l  uf  rh<'  «ii»ti'lr.  Inillnilln^  thul  Ullli'  ur  iim  i>]rnjO  m«a  thrown 
uiil  tliiiliiK  lilt'  >4'<-<j|i<l  Imir  >•)  till*  |H*il<>(|,  lit..  \i'iiirtt'U<  ii>[it»iiiiitti  '*iiti|il>  (-xitUvUxl  «S\.ft 
linvtn^  fi(t|itJc«l  lU  i-a>iiT-  TTio  |>(>iii«l  floiii  1/  In  ii  [■  llml  tlilitli^  ulilili  tlio  i<*iiln<  tiUi 
mii*«l«>  U  ivIaaIdb.  IUtc,  ru  1^  frx-ijiii'till^  \\w  •'»•>,  ibcrc  U  un  |Mfto<l  uf  iuum-  UIuptu  tlip 
uliw  of  th«  m'IiunUuii  tif  tlio  VfiitrkU  muI  IIh>  f>>miwnri>ii)^nt  of  Ihc  »iiCf«**U«r'IW»'iilh««, 
Thfi  Inu  ItLtf  RiTra  ti<t  i>vM<'iu'4>  m  bi  tliv  ilm<«  of  ilimirx  i>l  lUf  «i*iiintM«i  «»lri«. 

important  of  the  cardiac  events,  it  must  he  borne  in  mind  that, 
ae  we  have  already  seen,  the  pressure  of  the  blood  in  the  aorta 

ourvrvl  lines  |ireri<iU)«l,T  iiinde  n»  <iirccte<l  are  legnenti  Irf  TounU  and  mftrked  on 
tbo  }>a|>or.  Tlirou^li  \\\\f  centre,  which,  of  cnurae.  c<irreDftond»  lo  the  |iOBition 
of  the  ftxii  of  the  lover,  u  h"ii<Mniu|  Uuo  W  drawn  imrnllvl  to  tbo  nbicivva  Doe. 

K««piDg  oDO  of  the  cuiupuf  poioU  on  thU  Iknc.  frfgiuc-nU  of  oirole»  sro  dnwn 
In  8uoo«t«ion  through  \urioiis  puintK  uf  the  «ur\i>,  the  >ltHlHnre  between  thenoiDl* 
i>r  the  cuiu^ttiHd  being  fixer),  but  ibe  c«ntre  of  tbo  circle  dcfcribed  being  •biltcd 
bnekwitrdi-  iti](l  forwnrds  Alung  tho  boriiuutftl  line,  Tbef>oinu  wber«s  then  «eg- 
niente  rut  the  hnrir.<>ntal  litio  are  marked  u|iuti  it,  iui<l  the  di»tiince>  between 
tbcm  tneuiured  a»,  fur  cjiiiinplo,  lu  Fig.  I^0,  )i.  2Kt-  tf  the  oiirv(>  of  u  lutitngfork. 
tbe  |><iiDt  uf  whore  recording  style  wn«  cuirerullv  |<laced  on  the  •auio  vertical  line 
an  the  {loint  of  the  laver,  be  al»u  prcsentt  the  teRnieiilf  of  cirolee  maj  be  cud- 
Unaed  until  tbej  cut  tbis,  and  tbe  tiiue  or'rrej|M>iiiliog  u>  diplanren  between 
tbem  (as,  for  In^tanM.  in  Pig.  60,  the  tntervnls  between  'i.  A,  r,  H)  tliij*  dlreotly 
meiMured  off. 
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ia  utwiiyti  coiitiiilirruMv.  Thiii  prvsj^uie  closes  and  keefja  closed 
tlie  semilunar  valves;  uiid  it  is  not  till  the  prepsiirc  in  the  ven- 
tricle becomee  greater  than  the  pressure  in  the  aorta  that  tliese 
valves  opeu  to  allow  of  ihc  e8cu[>e  of  tlie  ventricular  content?. 
The  blood,  therefore,  does  not  begin  to  pass  from  the  left  ventricle 
into  the  aorla  until  some  time,  and  that  a  variable  time,  after 
the  commoDcenicnt  of  (he  systole  of  the  ventricle;  and  the  same 
may  be  said  of  the  right  ventricle  and  pulmonary  artery,  it  being 
iiDf^erstoml  that  the  arterial  pressure  on  the  right  side  is  less 
than  on  the  left.  In  Fig.  o*J  the  ventricular  lever  reaches  its 
maximnm  r  at  once,  grtuUially  declining  afterwards  till  the  more 
sudden  fall  begins,  and  we  may  suppiise  thiU  the  escape  of  bloo<l 
fn>m  the  ventricle  begins  at  the  monioiit  when  the  maximum  is 
attained  ;  and  this  view  is  confirmed  by  carefully  comparing  a 
tracing  of  the  expansion  of  an  artery  with  the  cardiac  tracing. 
It  ia  i:piile  possihie,  however,  to  conceive  that  (twtng  to  circum- 
stances, such  as  an  increasing  contraction  of  the  ventricular  fibres 
or  deficient  expansion  of  the  arteries,  the  pressure  might  continue 
to  increase  even  after  blood  was  escaping  from  the  cavity  of  the 
ventricle.  And.  indeed,  iu  some  curves,  the  ventricular  lever. 
after  the  first  sudden  leap,  continues  to  rise  gradually,  and  does 
not  reach  the  maximum  point  until  afterwards,  fn  such  cases, 
the  summit  of  the  tirst  rise  must  be  taken  as  marking  the  begin- 
ning of  the  flow  from  the  ventricle. 

By  the  sudden  systole  the  blomi  is  ejected  with  considerable 
force  and  rapidity  from  the  ventricle,  and  as  the  ventricle  be- 
comes empty  a  negative  pre«stire,  as  we  have  seen,  makes  its 
appearance  behind  the  column  of  blood  which  letives  the  cavity 
and  leads  to  the  closure  of  the  semilunar  valves.  Much  dispute 
hafi  taken  place  as  to  the  exact  condition  of  the  ventricle  at  the 
moment  of  closure  of  the  semilunar  valves.  The  slight  rise  e  in 
Chauveau  and  Marey's  curves  (Fig.  54)  in  the  venLrieuIar  curve, 
seen  also  in  the  auricle  at  tr  and  in  the  cardiac  iiiipulse  ut  e",  and 
which  has  been  taken  to  indicate  the  shutting  of  the  semilunar 
valves,  appears  quite  at  the  close  of  the  descent  of  the  ventricular 
lever.  This  would  mean  that  at  the  moment  of  the  closure  of  the 
valves,  the  ventricle  had  not  only  completed  its  contraction,  hut 
was  far  ailvanced  in  relaxation.  Such  a  view  is  not  only  ti priori 
improbable,  but  is  directly  contradicted  by  the  fact  that  when 
we  compare  a  tracing  obtained  by  placing  a  lever  directly  uu  the 
heart,  or,  indeed,  a  tracing  of  the  cardiac  impulse  with  a  pulse- 
tracing  of  an  artery,  we  find  that  the  ventricle  continues  con- 
tracted after  the  artery  has  ceased  to  be  expanded  by  the  blood 
ejected  from  the  ventricle.  That  Is  to  say,  the  actual  flow  of 
bhKxl  takes  place  only  during  the  middle  portion  of  the  time 
during  which  the  muscular  fibres  of  the  ventricle  are  contracting 
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and  engaged  in  carrying  on  the  systole.  During  the  first  part, 
pressure  is  being  got  u\t,  during  the  second  the  blood  is  beiug 
propelled,  during  the  third  the  ventricle  cnniiiiues  to  remain 
etnpty  and  contracted.  By  this  means  tlie  coinjjlele  emptying  of 
the  ventricle  is  ettectnaHy  3ccure<i.  And  others  have  urge<i  that 
the  closure  of  the  semilunar  valves,  being  entirely  clue  to  the 
reflux  spoken  of  above,  follows  close  upon  the  emptying  of  the 
ventricle;  in  other  words,  that  it  takes  place  while  the  ventricle 
is  still  contracted.  It  is  very  difficult  to  point  out  iudications  on 
the  ventricular  curve  which  indubitably  cirrespond  to  this  event. 
In  tracings  ;of  the  cardiac  impulse,  and  in  tracings  taken  by  a 
lever  placed  directly  on  the  heart,  a  notch,  followcti  by  a  rise,  is 
sometimes  observed  in  that  part  of  the  curve  which  intervenes 
between  the  first  large  ri.se  and  the  final  sudden  fall  ;  and  this 
secondary  rise  has  been  taken  to  indicate  the  closure  of  the  semi- 
lunar valves  ;  but,  if  this  be  the  case,  the  time  during  which  the 
ventricle  remains  conrracierl  after  the  closure  of  the  valves  forma 
a  very  considerable  fracliou  of  the  whole  period  of  the  systole; 
and  this  [>respMts  diftioultier;.  Sometimes  two  such  notches  and 
peaks  are  seen,  and  the  occurrence  of  the  two  has  been  attributed 
to  a  want  of  synchronism  in  the  closure  of  the  pulmonary  and 
aortic  semilunar  valves,  the  hitter  closing  some  little  time  before 
the  former.  But  it  is  by  no  means  clear  that  these  notches  and 
peaks  are  thus  due  to  the  closure  of  the  valves;  they  may  pos- 
sibly have  another  origin,  they  are  not  always  present,  and  the 
attemf)t  to  fix  the  lime  of  the  closure  of  the  semilunar  valvt*  by 
them  cannot  be  regarded  as  satisfactory.  On  the  other  hanrl,  the 
secotid  sound  of  the  heart  is  undoubtt^dly  due  to  the  complete 
closure  ami  sudden  tension  of  the  semilunar  valves;  and  not  only 
is  this  second  sound  separated  from  the  first  sound  bv  a  distinctly 
appreciable  interval  (from  which  we  may  infer  either  that  the 
systole  of  the  ventricle  ceases  before  the  complete  closure  and 
sudden  tension  of  the  semilunar  valves,  or  that  the  first  sound 
dt>es  not  last  sr*  long  as  the  systole  itself,  and  is,  therefore,  not  a 
muscular  sound  ),  Imt  the  time  elapsing  between  the  beginning  of 
the  first  sound  antl  the  second  sound  is,  as  we  .shall  sec,  remark- 
ably constant.  Kow,  we  have  reawm  to  believe  that  the  quantity 
of  blood  expelled  at  any  one  beat,  and  hence  the  time  taken  up 
in  its  escape,  does  vary  very  c^msiderably  ;  whereas,  the  duration 
of  the  actual  systole  is  probably  much  more  constant.  Hence 
we  may  infer,  and  the  conclusion  may  be  sup|x»rted  by  other 
arguments,  that  at  the  actual  ch^ure  of  the  semilunar  valves, 
giving  rise  to  the  secnnil  pound,  the  ventricle  has  just  finished  its 
sysude  and  is  l>eginniug  to  rtdax.  If  this  view  be  correct,  the 
time  of  the  clt«ure  of  the  valves  is  not  indicated  on  the  cardio- 
graphic  tracing  by  any  special  mark,  but  coincides  with  the 
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oomtnencenient  of  llie  more  sudden  und  tiual  Jail  ol'  the  lever,  lu 
at  rf,  in  Fijr.  59. 

Marey  thougbl  that  the  oacillatioue  «eon  at  d!  in  his  curves, 
and  obvifius  in  the  auricle  and  cardiuc  impulse  as  well,  were  due 
Co  oscillatiuns  of  the  auriculo-veutricular  valve^  hut  in  thai  case 
they  would  be  inverted  iu  the  auricular  curve  ;  whereas  they  are 
not.  It  18  dirtifult  to  say  what  givea  rise  to  them.  We  may 
repeat  that  nmny  of  the  details  of  theee  curvea  vary  coutiiderably, 
even  with  the  same  method  of  investigation  and  when  the  same 
appiirutus  is  employed.  In  all  pn>bability  the  character  and 
setjuence  of  the  eventa  nru  raoditied  by  various  rircuraBtances, 
such  as  the  rate  and  rapidity  of  the  heat,  the  quantity  of  blood 
flowing  into  the  heart,  and  the  pretu^ure  obtaining  in  the  arteries. 

Amount  of  Pressure. — Although  the  intftrumeut  of  Chauveau 
and  Marey  nuiy  be  experimentally  graduated  and  has  been  used 
to  measure  the  amount  of  pressure  in  the  several  cavities  of  the 
heart,  it  is,  as  we  have  said,  open  to  objections.  Better  results 
may  be  gained  by  passing  through  the  jugular  vein  into  the  right 
auricle,  and  thence  into  the  right  ventricle,  or  through  the  earulid 
artery  into  the  left  ventricle,  a  tube  open  at  the  end  introduced 
into  the  heart  and  connected  at  the  otner  end  with  a  manometer. 
Variation?  of  pressure  in  the  cjirdiac  cavities  are  thus  transmitted 
directly  to  the  mercury  column  of  the  manometer  in  the  same 
way  as  those  of  an  artery  whun  arterial  pressure  is  measured. 
The  inertia  of  the  mercury  column,  iiowever,  prevents  an  exact 
response  to  the  rapid  movements  ul"  tlie  iiearl,  and  obscures  the 
results;  though  by  using  auiximum  aud  minimum  manometers, 
the  maximum  and  minimum  pressures  of  the  several  cavities  may 
be  determined. 

Thv  principle  of  llio  uiuxiiuuin  muDumeler  (Fig.  ^}  cuhhUia  in  th« 
introduction  into  tbe  lubo  lending  from  the  heart  to  the  mercury  cohiinn 
of  K  (ninditiod  eup-nnd'ltull)  valve,  openini;,  like  the  aurtir  i^etiiiliiiiar 
vulves,  easily  frntn  the  lirart,  but  cloiiint;  ttrrnly  when  fluid  ultetnpts  to 
return  to  the  htrnrt.  By  revcrsinjc  the  direction  ui  the  valve,  the  mnii- 
onirtvr  m  con vt^rte^'l  from  u  mtixiinudi  intd  a  miniinuin  indlrtiinent. 
When  nn  ordinary  man-'TiiPU'r  is  connected  with  a  vGntrieular  cavity, 
ihu  rnnvomentif  of  the  m*;rcurydo  not  follow  oiiioily  the  rapid  variulions 
of  proiunru  nf  the  (-nviiy,  and  thu  height  nf  the  column  faili  to  indicate 
botn  the  highest  and  the  lowest  prp-si'uro.s. 


In  this  way, in  the  dog,  a  maximum  pressure  has  been  observed 
in  the  left  ventricle  of  abitul  140  mm.  (mercury),  in  the  right 
ventricle  of  about  GO  mm.,  and  in  the  right  auricle  of  about  20  mm, 
RLirey  had  previously,  by  moans  of  his  own  instrument,  deter- 
mined the  pressure  iu  the  horse  to  be  in  the  leit  ventricle  about 
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150  mm.,  in  the  right  ventricle  only  about  30  ram.,  while  that  of 
the  right  Buricle  he  estimated  at  not  more  than  a  few  mm. 

It  is  interesting  to  observe  that  the  minimum  pressure  may 
full  below  that  ofthe  atmosphere;  thus  in  the  left  ventricle  (of 
the  (log)  a  niiiiimum  prcasurc  varying  fntm  — r)2  to — *20  mm.  may 
be  reached,  the  tniuinium  of  the  right  ventricle  being  from  — 17 
to  — 16  ram.,  and  ol'  the  riglit  auricle  from  — 12  to  — 7  mm.' 
Fart  of  this  dimiuution  of  pressure  in  the  curdiao  cavitiea  may 

Kio.  60. 


TitK  MAtiwi'M  MAxnurrrit  nr  thix-n  ani*  O^i'lil 
At ««  cuautM^llon  i«  iiwJw  Willi  the  indr  loaOfnu  lu  (In- ti«>Hn.  Wht'n  lli«  ••■rvw  t-lainp  t  is 
cIowhI,  ttic  v>lv«^  r  rnnii-n  Into  ai-IJiiti.  nnd  tttn  liiatniriirtit,  In  ttir  |MMiltjitn  riT  thr  mire  ahiiwn 
III  lliu  fljciin*,  U  u  lUAtlmum  m«rH>iiiel(>r.  Ily  r^vi^ntliiic  tlm  tlin>i'tK'ii  "f  p  \t  it  iHiiivrrti'^l  Inln 
m  utlnlmdUi  iiiiiri<>mc(<>r.  WIikii  k  U  u|>Miu>tl,  ihv  tarklixiw  of  prnrai*  arc  vudvvj'mI  nioug  a, 
miiA  tliH  iiiHtniinutit  (linn  ■n'b  like  ttli  unttnarjr  ifMntitnntiir. 

be  due,  as  will  be  explained  in  a  later  part  of  this  work,  to  the 
aspiration  of  the  thorax  in  the  rettpiratory  mtivements.  But 
even  when  the  thorax  is  o|)ene<l,  and  artificial  respiration  kept 
up,  under  which  cireuiiislanres  no  t-uch  aspiration  Uikea  place, 
the  preaeure  in  the  left  ventricle  may  Htill  sink  as  low  as 
— 24  mm.  The  miuinium  munometer,  which  shows  moot  dis- 
tinctly the  existence  ttf  thid  negative  pressure,  obviously  gives 
no  information  ad  to  the  exact  phase  of  the  beat  in  which  it 
occurs;  and  there  is  some  (littereoce  of  opinion  aa  to  the  exact 


>  ThftM  Bumberi  lira  to  b«  eonflldtr^d  iDsr*!/  m  iniUDCw  whloh  h»e  bMn 
obitrrvd,  mad  not  fti  nrorftgM  drmro  rrom  &  largt  number  of  muet. 


SPKCIAL    CARDIAC    PUASKS 


199 


time  at  which  it  takee  place.    Goltz  and  Gaule,  to  whom  we  are 

indebted  for  the  nirtxiimim  and  niininmm  manometer,  believed 
that  the  iie';ativepre8dureap|X'ared  itt  the  beginning  t^f  the  diastole 
and  indee<i  that  it  was  oaused  by  the  expansion  of  the  VE^nlriele. 
Were  this  the  case,  the  ventricle  might  be  re^rded  not  only  as 
a  force  pump  driving  blood  into  the  arteries,  but  also  as  a  suction 
pump  drawing  blond  from  the  auricles  and  great  veins. 

Others,  hdwever,  find  great  difficulties  in  sij]>[H«ing  that  the 
ventricular  widU  can.  either  by  virtue  <if  the  elasticity  of  their 
fibres,  or  by  the  contraction  of  epecial  dilating  fibres,  or  by  be- 
coming auddenly  iujeetcd  with  blood  through  the  coronary 
arteriea,  actually  expand  so  as  to  exert  any  such  feuction  power. 
Antl  they  maintain  thai  the  negative  preaeuruseen  in  the  ventricle 
is  merely  that  same  negative  pressure  due  to  the  sudden  emptying 
of  the  ventricle  which  we  have  already  described  im  serving  to 
clnee  the  Bcmiuinar  valves.  When  the  minimum  ntanonieter  is 
used,  the  lowest  limit  of  negative  pressure  is  not  reached  until 
after  several  beats,  indicating  that  its  duration  in  any  single 
beat  must  be  very  brief.  The  negative  pressure  due  simply  to 
the  cessation  of  the  flnw  is  in  fact  almost  immediately  made 
away  with  by  the  ventricular  walls,  in  their  continued  contrac- 
tion coming  into  complete  contact;  it  passes  off  therefore  before 
any  blood  can  enter  into  the  ventricle  from  the  auricle,  and 
hence  can  exert  no  suction  power. 

Admitting  this,  however,  it  is  still  open  for  us  to  suppose  that 
after  this  negative  pressure  has  passed  away,  a  second  negative 
pressure  is  caused  by  the  expansion  of  the  ventricle  iu  diastole; 
and  that  this,  though  alsi>  brief,  does  exert  a  suction  power.  And 
indeed  the  view  that  the  ventricle  in  expanding  can  pnnluce 
anch  a  negative  pressure  is  one  which  cannot  as  yet  be  regarded 
as  definitely  disproved. 

The  Daration  of  the  Several  Phases. — The  time  measurements 

given  in  Fig.  54  aflbrd  a  general  itiea  of  tlie  relative  duration  of 
the  several  events  iu  the  slowly  beating  heart  of  the  horse.  Thus 
it  is  obvious  that  the  longest  phase  (viz.,  about  -^  of  a  second)  is 
that  occurring  between  the  end  of  the  ventricular  systole  at  e  to 
the  beginning  of  the  auricular  systole  at  b\  this  is  often  s|>oken 
of  as  the  diastole,  or  as  ihe  "pasaivc  interval,*'  since  during  this 
time  both  auricles  and  ventricles  are  in  diastole.  The  next 
loDgeat  phase  is  the  syst<de  of  the  ventricles  (vi?..,  rather  more 
than  -j^  of  a  second ),  tind  the  shortest  (viz.,  rather  less  than  ^ 
of  A  second  •  is  the  systole  of  the  auricles. 

When  we  desire  to  arrive  at  more  complete  measurements,  we 
are  obligeil  to  make  use  of  calculations  based  on  various  data; 
and  these  give  only  approximate  results.  Naturally  the  ni<»8t 
interest  is  attached  to  tnc  duration  of  events  in  the  human  heart. 
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The  datum  which  perhaps  has  been  most  largely  used  is  the 
interval  between  the  be^'inning  of  the  first  And  the  occurrence  of 
the  second  suund.  This  may  he  *KHerniined  with  approximative 
forrectuew.  and  accordini:  to  Donders  varies  from  0.301  to  0.327 
of  a  second,  occupying  from  40  to  4t>  per  cent,  of  the  whole 
peritHl ;  an<l  being  fairly  constant  for  different  rate«  of  heart-beaL 

The  observer,  listening  lo  the  bounds  of  thu  heart,  made  »  signal  nt 
«ich  cTent  on  a  ivcfnling  surface,  the  diflVrenee  in  time  between  ih* 
mark*  bein^  measured  by  mean*  of  tho  vibrations  of  a  Uininff-fork 
necurded  on  the  same  surface.  By  practice  it  was  found  pov^ible  to 
reduce  the  error*  of  ubserA-atioii  within  very  small  limiif. 

Now,  whatever  be  the  exact  causation  of  the  firet  sound,  it  is 
undoubtedly  coincident  with  the  svsiole  of  the  ventricles,  though 
pos&iblv  the  actual  commencement  of  its  becoming  audible  way 
De  slightly  behind  the  actual  beginning  of  the  muscular  contrac- 
tiona.  Similarly  the  occurrence  of  the  second  sound  due  lo  the 
closure  of  the  semilunar  valves  roar,  as  we  have  seen,  be  taken 
to  mark  the  cluee  of  the  ventricular  syat<jlc.  And  thus  the 
interval  between  the  beginning  of  the  tirat  and  the  occurrence  of 
the  second  sound  has  been  r^arded  as  indicating  approxima- 
Urely  the  dur«tion  of  the  ventricular  eystule — i.  e.,  the  period 
during  which  the  ventricular  6bre3  are  contracting.  If,  how- 
ever, we  accept  the  view  that  the  ventricle  dtil I  remains  contracted 
lor  a  brief  periiKi  afler  the  valves  are  shut,  then  the  secood  soaod 
does  not  mark  the  end  of  the  systole,  and  the  duraltoa  of  the 
syatole  is  rather  longer  than  the  0.3  second  given  aU^ve. 

The  propulsion  of  the  hlixMl  into  the  aona  leads  to  an  exptttt- 
•ion  of  the  aorta  walU,  known  as  the  pulse,  which  we  shall  study 
more  fully  immediately.  This  polae  travels, as  we  8haJlaee,aIoBg 
the  arteries  at  a  certain  rate ;  it  is  hiter  at  arterial  points  mors 
dioUuit  from  the  heart  than  at  points  Dearer  the  he«rt.  We  cab 
Cftlcolaie  with  appivximative  correctnes  the  time  it  lakes  for  the 
expansion  to  travel  from  the  aortic  valves  to  the  radia.1  arierr  at 
the  wrist,  for  example.  Now,  wheo  we  recoitl,  as  we  may  do  oa 
tbe  Mme  recording  snr&oe,  the  exact  mocaeot  ac  whidi  ibe  fint'' 
sound  bc«ine»  or  at  wkidi  the  lerer  of  the  cardio^rmpk  begins  In 
rise  in  the  Tentricalar  systole,  and  also  the  exarl  moment  at 
which  Ibe  expannion  of 'tike  corresponding  pnlse  at  tbe  wrist 
b^ns»  nad  mrannm  tbe  intccral  of  time  between  tbem,  ve  find 
tbal  tba  Inlnnral  is  greater  than  is  reqaired  far  the  expnassoa  of 
tbe  pnlan-vmre  to  travel  fiom  tbe  beait  to  the  wrisL  Tbe  differ- 
SPOS  gives  the  mensatv  of  tbe  time  daring  which  the  vcsSrieW  by 
its  eontrsciion  is  getting  op  an  adrmmfi  picnan  npon  te  «uo- 
tenCi^  and  donog  which,  ns  ftC  blood  bns  not  escaped  fi^^  the 
ventricular  casvitT  and  begun  lo  expand  the  nortn— the  mi  •■«»♦. 
in  &e«,  of  what  *w«  calM.  a  littW  «bik  ngOv  tbe  ftist  pnwiod  oT 
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the  ventricular  Bystole.  This  rany  also  be  estimated  by  directly 
measuring  the  lime  taken  up  hy  ihe  upstroke  of  the  cnrffiographic 
tracing,  and  has  heen  6aid  lo  be  nn  an  average  about  0."Hr»  M>cund. 
Thcftc  niettHurenient*,  however,  arc  approximative  tmly,  and  there 
can  be  do  doubt  that  the  lime  varies  very  largely,  bein^  dependent 
on  the  quantity  of  blood  in  the  ventricle,  on  the  blmKl-preaaure 
in  the  aorta,  and  on  the  condition  of  the  heart. 

During  the  expansion  of  the  artery,  and  probHi>ly  for  some  little 
time  heyond^viz.,  up  tn  the  occurrence  of  what,  in  epeaking  of 
the  pulae-wave,  we  shall  call  the  dicrotic  notch,  blo<Kl  is  being 
pro(>olIed  from  the  ventricle.  By  rnensuring  this  time,  or  by 
deductions  from  the  curve  of  the  cardiac  irapulsie,  it  has  been 
concluded  that  the  time  during  which  blood  is  escapim;  from  the 
ventricle,  or  the  duration  of  the  second  phase  of  the  ventricular 
ayatole,  amounts  to  about  0.1  g<^cond. 

Deducting  these  two  periods  from  the  total  period  of  0.3  second, 
there  wiiuhl  be  left  a  |K?riod  of  0.1  !'>  seconti,  marking  the  third 
phai^  of  the  systole,  during  which  the  ventricle,  lh4)ugh  empty, 
is  coniinuing  its  contractions.  U|wm  the  view,  however,  that  the 
closure  of  the  valves  does  not  mark  the  en<l  of  the  systole,  this 
pha^  must  be  taken  as  still  longer. 

In  a  heart  l>eating  72  times  a  minute,  which  may  1>e  taken  as 
the  normal  rate,  each  entire  cardiac  cycle  would  last  about  0.8 
second  ;  and  taking  O.o  &eo<^>nd  as  the  duration  of  the  systole,  the 
deduction  of  this  would  leave  0.5  second  for  the  whole  diastole 
of  the  ventricle,  including  iis  relaxation. 

At  the  close  of  this  peri<Hl,  there  occurs  the  systole  of  the 
auricles,  the  exact  duration  of  which  it  is  difficult  to  determine, 
it  being  hard  to  say  when  it  really  begins,  but  which,  perhaps, 
may  l>e  taken  as  lasting  on  un  average  0.1  second.  The  systole 
of  the  ventricle  follows  so  immediately  upon  that  of  the  auricles, 
that  practically  no  inlerval  exists  lielwecn  the  two  events. 

We  may  atim  up,  therefore,  the  details  of  the  duration  of  the 
more  important  phases  of  the  cardiac  cycle  iu  the  following 
tabular  form ; 

Sn-tiinl.      SwYiriil 

Syaliile  nf   vvntrioiilar  previous   to   o|i«ning  of 

mnilunnr  valves     ......     O.OBO 

EsoBp*  of  binoil  into  aoilii O.tOO 

C'onlinned  cniniciion  of  the  implied  ventricle   .    0  115 

Ti.lat  «ys|oIe  of  the  veiUricIc         .  u.3 

Diutole  of  bitili  auricle  and  vunirJcle,  or  '*  pnwive 

iniervol"        .         .         -         .  .         .     O-HK) 

Sy«toIe  of  auricle 0.10<t 

o\im  of  lihove  two,  (nuking  the  diii^^tolit  nf  veii- 
Iricln,  nr  "  pftrise '*  between  fcmfid  nrul  fiisl 
*ound      .......  <►  r> 

ToUil  cardimw^vclc OH 
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Or,  selecting  only  the  important  facts  out  of  the  -f^  second 
occupying  the  whole  cunliac  cycle,  -^^  second,  or  possibly  rather 
more,  are  taken  up  by  the  systole,  and  -^  second,  or  possibly 
rather  less,  by  the  diastole  of  the  ventricle. 

The  following  diagram  may  be  useful  as  giving  in  a  graphic 
form  a  general  idea  of  the  sequence  and  duration  of  the  several 
cardiac  events.  It  will  be  understood,  of  com*se,  that  the  dia- 
gram is  intended  to  show  merely  the  general  relations  of  the 
several  events,  and  not  to  represent  exact  measurements. 

Fiu.  OI. 


nUnt)AMM*Tl<'    HKrKKMKNTATtUN    Of    Tllft    Mof  itUK!<iT«  AM)   MuLKIw  of   TIIK^HftAMT  Ul'MIM 
A  CilLPiAt-  ('i:ttl()l>       Artor  DiU   SlIiUFKY. 


We  may  repeat  that  the  details  given  above  are  at  the  beat 
approximalivo  <»nly,  and,  wo  may  atid,  to  a  certain  extent  hypo- 
thetioal.  We  have  given  them  at  such  length  not  on  acctuint  of 
their  intrinsic  importance,  or  because  they  are  trustworthy  data 
for  further  crtlcuhilions,  but  because  the  study  of  theni  may  help 
the  reader  in  forming  a  more  vivid  inmge  in  "his  mind  of  what  is 
taking  place  in  the  heart  during  a  beat.  Moreover,  it  must  be 
reinciubered  that  the  figures  quoted  are  those  belonging  to  what 
may  be  consi<lered  a  normal  rate  of  heart-heal.  The  rate  how- 
ever at  which  the  heart  l>eatB  varies,  as  we  shall  bee.  under  the 
influence  of  circumfttanccfi,  wiihin  very  wide  limit.*.  With  re- 
gard to  the  duration  of  the  several  phases  at  different  ratvs  of 
heart-beat,  the  most  ifiiportunt  fact  is  perhaps  that  the  pause 
varirs  much  more  than  does  the  systole  ot  the  veutricles.  A 
quickly  beating  heart  dilfers  from  a  slowly   beating  heart  by 
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reason  of  the  pause  being  shortened,  much  more  thau  by  eaw 
iyatole  being  of  less  duraiiifn. 

Wo  may  brietly  recapitulate  the  main  facta  connected  with 
the  pa&sttge  of  blood  through  the  heart  &a  follows:  The  right 
auricle  during  its  diastole,  by  the  relaxation  of  its  mtiscular 
fibres,  aud  by  the  fact  that  all  pressure  from  the  ventricle  ia 
removed  by  the  tenaiou  of  the  tricuspid  valves,  offcra  but  little 
resistance  to  the  itigresa  of  blood  from  the  veins.  On  the  other 
hand,  the  blood  lu  the  trunks,  of  both  the  superior  and 
inferior  vena  cava,  is  under  a  pressure,  which  diminishing 
towards  the  heart  and  becoming  within  the  thorax  actually 
negative  (as  we  shall  see  in  speaking  of  respirations),  remains 
higher  than  the  pressure  obtaining  in  the  interior  of  the  auricle; 
the  blood  in  consequence  flows  into  the  empty  auricle,  its  progress 
in  the  case  of  the  superior  vena  cava  being  assisted  by  gravity. 
At  each  inspiration,  this  How  is  favitred  by  the  increased  nega- 
tive prfssure  in  the  heart  and  great  vessels  caused  by  the  respi- 
ratory movements.  Befure  this  flow  has  gone  on  very  long,  the 
diastole  of  the  ventricle  begins,  its  cavity  dilates,  (he  flaps  of 
(he  tricuspid  valve  fall  back,  and  blood  for  some  tittle  time  flows 
in  an  unbroken  stream  Irom  the  venic  cava?  into  the  ventricle. 
In  a  short  time,  however,  probably  before  much  blood  has  had 
time  to  enter  the  ventricle,  the  auricle  is  full,  uud  ft>rthwith  its 
sharp  sudden  systole  takes  place.  Partly  by  reasfm  of  the 
onward  pressure  in  the  veins,  which  increaaes  rapidly  from  the 
heart  towards  the  capillaries,  partly  from  the  presence  of  valves  in 
the  venmie  trunks  and  at  the  mouth  of  the  inferior  vena  cava,  but 
still  more  from  the  fact  that  the  systole  begins  at  the  great  veins 
themselves  aud  spreads  thence  over  the  auricle,  the  force  of  the 
auricular  contraction  is  s)>eut  in  driving  the  blotxl,  not  back  into 
the  veins,  hut  into  the  ventricle,  where  the  pressure  is  still  ex- 
ceedingly low.  Whether  there  is  any  backward  flow  at  all  into 
the  great  veins  or  whether  by  the  progressive  character  of  the 
systole  the  flow  of  blood  continues,  so  to  speak,  to  follow  up  the 
systole  without  break  so  that  the  stream  from  the  veins  into  the 
auricle  is  really  continuous,  is  at  present  donbtfol,  though  a 
slight  positive  wave  ul  pressure  synchronous  with  the  auricular 
ay3tt>le,  travelling  backward  along  the  great  veins  has  been 
observed  at  least  in  cases  whore  the  heart  is  beating  vigorously. 
The  ventricle  thus  being  filled  hy  the  auricular  systole,  the 
play  of  the  tricuspid  valves  describeil  above  comes  into  action, 
the  auricular  systole  is  followed  by  that  of  the  ventricle  and  the 
pressure  within  the  ventricle,  cut  oft*  from  the  auricle  by  the 
tricuspid  valves,  is  brought  to  bear  entirely  on  the  conns  arterionus 
and  the  pulmonary  semilunar  valves.  As  soon  as  by  the  rapidly 
iiicreasiug  shortening  of   the   ventricular    fibres   the   pressure 
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within  the  ventricle  becomes  grettter  than  that  in  the  pulmonary 
artery,  tlie  pemilunar  valves oi)en  and  the  still  continuing  BVBtole 
discharges  ilie  contents  of  the  ventricle  Into  that  vessel. 

Ae  the  ventricle  thus  rapidly  and  forcibly  empties  itself,  a 
transient  negative  pressture  makes  its  appearance  in  the  rear  of 
the  ejected  c<)luinn  of  blood.  This  in  return  leads  to  a  reflux 
of  blood  towards  the  ventricle.  The  first  act  of  this  reflux, 
however,  is,  as  we  have  seen,  to  close  the  semilunar  valves,  and 
even  if  it  be  urged  that  the  exit  of  the  venlriculnr  contents  does 
not  always  end  with  suflicient  abruptness  to  cause  a  negative 
pressure  adequate  to  produce  this  result,  the  elastic  rebound  of 
the  arteries,  u{x>n  their  receiving  no  fresh  bhxKl,  has  the  same 
effect  of  dosing  the  semilunar  valves,  and  thus  of  shutting  nfi' 
the  blood  in  the  over-ilistended  arteries  from  the  emptied  ven- 
tricle. C'')iDcideutly  with  this  closure,  the  systole,  as  we  have 
seen,  probably  ends  and  relaxation  begins;  then  once  more  the 
caviiy  of  the  ventricle  becomes  unfolded  and  finally  distended 
by  the  influx  of  blood  from  the  auricle. 

During  the  whole  of  this  time  the  left  side  has  with  still 
greater  energ)'  l)eeu  executing  the  same  niauteuvre.  At  the 
same  time  that  the  venre  cavie  are  filling  the  riglit  auricle,  the 
pulmonary  veins  arc  filling  the  left  auricle.  At  the  same  time 
that  the  right  auricle  is  contracting,  the  left  auricle  is  con- 
tracting, too.  The  systole  of  the  leii  ventricle  is  synchronous 
with  that  of  the  right  ventricle,  but  executed  with  greater  force; 
and  the  flow  of  btootl  is  guided  on  the  left  side  by  the  mitral 
anil  aortic  valves  in  tlie  same  way  that  it  is  on  the  right  by  the 
tricuspid  valves  and  those  of  the  pulmonary  artery. 


The  Work  Done. 

We  can  measure  with  approximative  exactness  the  intraven- 
tricular pressure,  the  length  of  each  systole,  and  the  number  of 
times  the  systole  is  repeated  in  a  given  period,  but  the  quantity 
ejected  from  the  ventricle  into  the  aorta  at  each  systole,  which 
is,  perhaps,  llie  most  important  factor  of  all  in  the  determination 
of  the  work  of  tlie  vascular  mechanism,  cannot  accurately  be  de- 
termined. We  are  ttbliged,  therefore,  to  fall  back  on  calculations 
having  many  sources  ol"  error.  The  mean  result  of  these  calcu- 
lations gives  about  1^0  grms.  (6  oz.)  as  the  quantity  of  bhxxl 
which  is  driven  tVoru  each  ventricle  at  each  systole  in  a  full-growu 
man  uf  average  size  and  weight.  It  is  evident  that  exactly  the 
same  quantity  mu^l  i-*sue  at  a  beat  from  each  ventricle;  f*»r,  if 
the  rigiit  ventrirh-  Ht  each  bral  gave  out  rather  less  than  the  left, 
after  a  certain  i'  '  Ix-ats  the  whole  of  ihn  hliMid  would  be 

""  circulation.     8imilarlv,  if  Uie  lelt  ven- 
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tricle  gAve  out  less  than  the  right*  all  tho  blood  would  soon  be 
crowded  iuto  tho  lungs.  The  fact  that  the  pressure  in  the  right 
ventricle  is  so  much  Itss  than  that  in  the  leil  (  pntbahlv  'iO  or  40 
mm.  as  compared  witli  -00  min.  uf  mercury),  is  due,  nut  to  differ- 
ences in  the  quantity  ui'  UUhhI  in  the  cavities,  but  to  tho  fact  that 
the  peripheral  resislanoe  which  has  to  be  overcome  In  the  lungs 
IS  so  much  less  than  that  iu  the  rest  of  the  body. 

Various  methods  bure  been  adopted  for  cBlcutating  the  ftvemee  amount 
uf  blduil  ejeolud  ul  each  veniriculiir  br&tulo.  Il  baa  been  calculuted  fniin 
the  CHpHcity  of  ihe  reoenlly  removed  and  iis  yet  not  ri|t;id  ventricle,  filled 
with  bloud  under  a  precxure  equal  to  the  cHle\iliiU>d  averaf^e  pressure  in 
the  ventricle.  Tliis  nteOiod,  of  course,  preenipriuBes  that  ihe  whole  con- 
tend of  the  ventriclt*  are  ejected  iit  chlIi  !tyftt*»lQ.  V^lkmunn  measured 
ihft  seclionul  arfa  of  the  anrlit,  nnd,  laking  un  avcrn^e  velocity  of  the 
blood  in  the  aorta  (a  very  uneertwin  datum),  culciiluU'd  the  (quantity  of 
blood  which  must  |'ii.s«  ihrmi^h  the  siK-liunuI  area  in  a  iciven  time.  The 
number  of  beats  in  that  lime  ihrn  puve  him  thf?  quantity  flowing  through 
the  area,  and  consequently  ejettod  from  the  heart,  at  each  hvnl.  The 
mean  of  many  experiment^'  on  ditTerent  animals  cnnie  out  0.0025  pereenL 
the  body-wefgbt,  which  in  a  man  c.f  76  kilns  would  be  187.6  grms. 
Viorordt  measured  the  mean  velocity  and  the  sectional  area  in  the  carotid, 
and  thence,  from  a  meafiureuiont  of  the  sectional  area  of  the  aorta,  and 
from  a  calculation  of  the  blood's  mean  velocity  in  it,  based  on  the  sup- 
pofition  that  the  mean  velocity  in  an  artery  was  inversely  as  its  scctioral 
area,  arrived  at  the  t|unrlity  flowing  through  the  aortic  aeclional  area 
in  a  given  time,  and  ihun  iit  the  quantity  |<a>.sing  at  each  beat.  Both 
these  calculations  are  vitiated  by  the  fuel  that  the  variaiiuns  of  velocity 
ia  the  aorta  are  no  great  that  any  uieatt  lia«  really  but  Utile  pwilive 
value. 

Pick,  by  roeana  of  calculatlona  baaed  nartly  on  the  data  gained  hy 
obaervinK  the  increase  of  the  volume  of  ttie  whole  arm  at  each  cardiac 
•jntolc,  arrived  at  results  much  leg«  tlmti  either  of  the  abovo.  In  on0 
eaae  b^  estimated  the  quantity  ejected  frum  the  hcnrt  at  ouch  beat  at  5S 
grms.,  and  in  a  second  case  at  77  grms. 

It  must  be  remembered  that,  though  il  is  of  a<lvantage  to  8i)eak 
of  an  average  quantity  ejected  ut  each  stroke,  it  is  more  than 
probable  that  that  quantity  may  vary  within  very  wide  limits. 
Taking,  however,  180  grms.  as  the  quantity  in  man  ejected  at 
each  stroke  at  a  prespurc  of  'JoO  mm.'  of  mercury,  which  is 
equivalent  to  3.21  metres  of  blood,  this  means  that  the  letl  ven- 
tricle is  capable  at  ita  systole  of  lifting  180  grms.  8.21  m.  high— 
t.  e.,  it  does  578  grara-iuetrea  of  work  at  each  beat.  Supp<j«ing 
the  heart  to  beat  72  times  a  minnle,  thin  would  give  fur  the  day's 
work  of  the  left  ventricle  nearly  (lit.OO*)  kilogram-metres;  calcu- 
lating the  work  of  tlie  right  ventricle  iit  one-fourth  that  of  the 
left,  the  work  of  the  whole  heart  wuuld  amount  to  75.000  kilo- 
gram-metree,  which  is  just  about  the  amount  of  work  done  iu  the 
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ascent  of  SDowdon  by  a  tolerably  heavy  man.  A  calculation  of 
more  practical  value  i8  the  following:  Taking  the  t^uantily  of 
blood  as  Yj  of  the  body- weight,  the  blood  of  a  niao  wtighiug  75 
kilos  would  be  about  ."li^O  grins.  If  180  grma.  \et\  the  ventricle 
at  each  beat,  a  quantity  e<^uivitleot  to  the  whole  blood  would 
pass  through  the  heart  in  32  beats — t.  e.,  in  le^B  than  half  a 
iuinute. 

Variationn  in  the  Heart's  Beat. 

These  are,  for  the  most  part,  in  reality  vital  pheDomeua — i*.  c, 
brought  about  by  events  depending  on  changes  in  the  vital 
pro|)ertiefl  of  the  diHerent  lifisues  of  the  body.  It  will  be  con- 
venient, however,  briefly  to  review  them  here,  though  the  discus- 
sion of  their  causation  ntust  be  <leferred  to  its  appropriate  place. 

The  frequeneij  of  the  heart — i.  e.,  the  number  of  beata  in  any 
given  time,  may  vary.  The  average  rale  of  the  human  pulae  or 
heart  beat  is  72  a  minute.  It  itt  quicker  in  children  ibau  in 
adulu<,  but  quickens  again  a  little  in  advanced  age.  It  is  quicker 
in  the  adult  female  than  in  the  adult  male,  in  persons  of  short 
Btature  than  in  tail  |>e<iple.  It  is  increased  by  exertion,  and  thus 
is  quicker  in  a  standing  than  in  a  sitting,  and  in  a  sitting  than 
in  a  lying  pi.»8ture.  It  is  quickened  by  meals,  and  while  varying 
thus  from  time  to  time  during  the  day,  is,  on  the  whole,  quicker 
in  the  evening  than  in  early  morning.  It  is  said  to  be,  on  the 
whole,  quicker  in  summer  than  in  winter.  Even  independently 
of  muscular  exertion,  it  seems  to  he  (piickoued  by  great  altitudes. 
It  is  profoundly  infiuenre<l  by  mental  conditions. 

The  length  oj  the  gyAtoff  may  vary — indeed,  we  have  reason  to 
think  that  it  does  vary  considerably,  though  as  a  general  and 
broad  rule  it  may  he  stated  that  a  frequent  dlffen)  from  an  in- 
frequent pulse  chiefly  by  the  length  of  the  diastole.  Douders 
found  the  length  of  the  systole  as  measured  by  the  interval 
between  the  lirst  and  t-econd  sounds  to  be  for  ordinary  pulses 
remarkably  coiLstant  in  dlHerent  fx^rsons,  varying  not  mure  than 
from  0.327  to  O.'-M^l  sectmd.aud  being,  therefore,  relalivtly  to  the 
whole  cardiac  period  k'^s  in  slow  than  in  quick  pulses. 

'The  force  of  the  bent  may  vary  ;  the  ventricular  sysude  may  be 
weak  or  strong.  When  the  rate  of  beat  is  suddenly  increased 
there  is  a  tendency  for  the  individual  beats  to  be  diminislied  in 
force,  and  on  the  other  hand  to  be  increased  in  force  when  the 
rate  is  diminished.  iJut  there  is  no  necessary  connection  between 
rale  and  sln-ngth  ;  both  a  frequent  and  an  infrequent  pulse  may 
be  either  weak  or  strong. 

The  characUr  of  tJir  bcal  may  vary  ;  the  syslole  may  be  snddtn 
and  sharp,  rapidly  renihing  a  nm3C»'"«'"  ^"d  rapidly  decliuiug, 
or  slow  and  lengthened,  reaching    it^  maximum  ouly  ufur  some 


THB    PULBE 


207 


me  and  declining  very  gradually;  the  latter  being  the  slow 
"puhe  I  pu/AVg  tardus)  as  distinguished  from  the  infrequent  pulse 
{pulmii  rants).  The  pulse  is  also  aoraetiinea  spoken  of  ae  being 
slapping,  and  ifonielitnes  as  heaving.  But.  hh  we  t^iiall  ttee  imme- 
diately, the  features  of  the  pulse  are  dependent  not  only  on  the 
heart-beat,  but  also  on  the  conditi'>n  of  the  arteries. 

The  rhythm  may  be  intermittent  or  irregular.  Thus,  in  an 
intermittent  pulse,  a  beat  may  be,  so  to  speak,  dropped ;  the 
hiatus  occurring  either  regularly  or  irregularly.  In  an  irregular 
rhythm, succeeding  beats  may  ditfer  in  length,  force,  or  character. 


Sec.  3. — The  Pulse. 


^p  When  the  finger  is  placed  on  an  artery,  such  as  the  ra<lial,  an 
^^-Intermittent  pressure  on  the  finger,  coming  and  g*)ing  with  the 
beat  of  the  heart,  is  felt.  When  a  light  lever,  such  as  that  of  the 
aphygmograph  (Fig.  G2),  is  placed  on  the  artery,  the  lever  is 


MviH:\  *  .■"i'H\>.ii<HiiL*i*ir 


Ilk  n.  k  wfntv  MiP  ■|itiyfniuKra|>ti  lf<  u|>jillri|  ii>  tlio  kitii  ;  R,  •jving  wlifa'li  raattiiimHi  rmlial 
ryi   V,  •r4v«  for  wiVtirfhif;  lUMrkliitc  Invrr  I. ;   H,  cUfrk^Mrork ;   1*,  aitiuktMl  iMi|>r-r  utK'it 
Klf.ti  inii'IriK  ti  iruflf  ;  r,  ctiii*))  ^priiin  f.ir  cAiiAlntc  iliM'oitt  uf  toTor  uflnr  rtUlni;.] 


at  each  beat,  falling  between.  The  pressure  on  the  finger, 
and  the  raising  of  the  lever,  are  expreesinns  of  the  expnnsion  of 
the  elastic  artery,  of  the  temporary  additional  dir^tention  which 
the  artery  undtrgoea  at  each  systdle  of  the  ventricle.  This 
lutermittent  expansion  is  called  the  pulse;  it  corresponds  to  the 
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intermitteDt  outflow  of  blood  from  a  eevered  artery,  heiug  present 
io  the  arteries  only,  and,  except  under  particular  c'ircumi>tauce6, 
abluent  from  the  vt-ins  and  cApillHries.  The  expansion  is  fre 
"|iient!y  visible  to  the  eyo ;  and,  in  some  cases,  as  where  ar 
artery  has  a  bend,  may  cause  a  certain  amount  of  locomotion  o; 
the  vessel. 

All  the  more  important  phenomena  of  the  pulse  may  be  wit 
nessed  on  an  artiBcial  scheme  ( Fig.  63). 


[Kio.  C3- 


ArrAiu-rrv  i*r  U^iut  ma  «iiu«taru  SInoc  li  «tti«ri  Cruue  w  rutrAaATW  n 

B  b  •  nMmt  pMUais  with  v»lvr  AllarlioKnl,  to  pcvivnt  m  rwcnr^tuil  nnrvot ;   |^  f, 
leTwn  rvaUnsoa  a  |piia  lutw,  tt  inlprvftk  uf  3icm.  t4  tnimtug  ■  r.  <tnim  apna  «hK-h  trarlac  It 

If  two  levers  be  placed  on  the  arterial  tubes  of  an  artificial' 
scheme,  one  near  t^^  the  pump,  and  the  other  near  to  the  periph- 
eral resistance,  with  a  considerable  length  of  tubing  between 
them,  and  both  levers  be  made  to  write  on  a  recording  surface, 
one  immediately  below  the  other,  so  that  their  curves  can  be 
more  easily  compared,  the  folluwing  facts  may  be  observed,  when 
the  pump  is  set  to  work  regularly: 

1.  With  each  stroke  of  the  pump,  each  lever  (Fig.  04,  I.  and 
11.)  rises  to  a  maximum  i  la,  2a).  and  then  falls  again,  thus  de- 
scHbing  a  curve — the  pulse-curve.  This  shows  that  the  expansion 
of  the  tubing  |>a88e8  the  point  on  which  the  lever  rests  in  the 


>   Ky  tbtR  '  ••»  of  tab«e,  alunj  wbieb  fluid  e»n  be  ilrivatt 

by  •  ptim|i  X  '!<*•     In  lb«  ooorva  uf  ih«  tubc4  «  t.T]irUbl«| 

rtvlXftDev  W   111'        P^<"  I   la   iniM.i'<'>n  of  lb*  p«ri|>b*rAl  rvsUlajlO*.      Tbf  Ivbw  OS 

the  itroiioitti  •i'lc  •>'  (h«  r«tUUD««  eoti«*()a*nllr  r«pr«««si  arteries :  tboM  ««  lb« 
4a,  vaiiui. 
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form  of  a  wave.    At  one  moment  the  lever  is  quiet ;  the  tube 
beneath  it  is  simply  disteocJed  to  the  oormal  permanent  amount 


[FlQ.  64. 


020^ 


IIAV\. 


S    ''y 


A>\A/\/  \  Xy VW'\A/VVV 


l'itlao-4-iinrm  ilifrrlbnl  hj  K  «nri«w  of  «phyinnu]rrn]ihlr  1nTt>n  |'ltit-«l  <tf  liiU'rviUs  nf  »» fiii, 

rrnin   niii-)i   utiil't   nloiijq   nil    rUuii-   niU'   itilu  n  tiirli   nitlil   Jn   litn-ril   |i>  ttii'   -ilililon   >tnil(ti  (if  a 

l*unip.  Tb«  initM-Kiivo  )•  hmTtlliufr  fnnii  ]ft\  1m  ligbi,  il*>  liiili<uiiil  bv  tlii>  urioM!' ntfr  lltr 
|frim»r7  \a)  au<t  w^oit'litry  (h,  fi  itul«<-*ft*">*,  Tlu;  <l(illn1  *frti<*AJ  liiiw  dravn  fnttu  tin* 
Mttnull  of  IIiP  •p«r>nil  ixfntnry  i»«v«»  In  llin  Iniiinii-nirlt  rnrm  U-lnw,  mrli  mmplple  vftrniUon 
of  flhlcti  u«?ru|>(t;*  om^-ARlutli  ■HNjfid,  allnw  tb«>  tlmc>  to  Iir  ii)c««in;tl  wliitli  U  tnki^n  ti|i  l>;r  tho 
WMW  In  pnanlnjc  nli'iifc  '■£■■  •'fn.  of  thv  tu^liiK.  Tliv  wiiruf-  n'  iiru  \«iiTm  rrjftvU^i  twm  tlio  cluocd 
•lt«Ul  uIkI  of  tiw  liililriK  ;  Milft  i»  luittculix)  lij'  lliv  tlinvilloii  oflbi*  MtTnH*.  It  wiU  Itc  utiM>i-Vf>il 
llial  lu  Ui«  iimm  tlldUiit  IcYt-r  VL  Uiu  ri>fli«'t«<l  vtavo,  UavIuji;  Init  u  «U|;lit  ilMuittx*  u*  tlHVol^ 
rniMl  «Uh  tb«*  iirliLiury  maw.  Ynm  Marrt. 
I8» 
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ItidlonlUo  tif  tho  iiiimn  ttrt4?riiil  prowurc ;  at  the  next  momeni 
tito  |iiilito  pxiHiiuioii  ri'iu'lifH  till*  U'ViT,  hikI  the  lever  begius  to 
i-l*t\  mill  tMiiidiMiDi  lo  <!<>  no  until  the  top  of  the  wave  reached  it, 
uMi<r  whioh  it  t'lilln  ngiiiii  until  it  is  otice  more  at  rest,  the  wave 
Imviii^j  i.Min»|>lrli*ly  piL-wtnl  hy. 

'VUv  riM*  (»(  i*Ht'h  Irvor  if  (toinowhat  ftutUlen.  but  the  fall  is  more 
(tniiluAK  himI  ii*  ^oui'riilly  nmrktHl  by  sauiv  irregularities.  The 
Hthhlonnt^wi  «f  tito  rUo  im  ilut*  tn  tlie  i«iiililenue.-s  with  which  the 
Hhiup  Blr>ko  ot'  (111*  \*\\\\\\*  rx|iHnils  tho  tube;  the  fall  is  more 
limitual  boi*MU)N«  (he  i^taMtio  rt^action  \it'  the  walU,  whereby  the 
tuU*  roturu»  io  iU  t^>rmo^  iNMulttiou  %(\vr  the  expanding  power 
vU'  lilt*  huiiip  hM  oimmihI,  i«  ^milual  iu  iu  aoliou. 

^  Tnt  txttf  and  l\>rm  tt|  I'Ach  onrve  «U*[>rml  io  Mrt  on  the 
KOhMiUl  v4'  prr»*urv  cx^^rlt^i  bv  the  levers  ini  the  lube.  If  the 
IvViNV  itttlv  iu»l  tiHich  tho  lube  in  itj^  ex(4mie(l  state,  the  rise 
ia  ««i^b  wUl  U'  insi^ruiHoAut  If  on  th^  itihmr  band  thev  be 
|wmhkI  «k>«n  tvK>  firmly,  thv  tub*  benealh  will  boC  be  able  to 
•xyMUMl  M  ll olii»r<iiM  irMildtUd  Um  riav of  Um  Wren  will  be 
iirufufftKMMli^  4MlMi«d.  TlM««  ii  a  ««ftaui  pcwttre. 
bi^  tM  ib»  «x|iaiMit«  ptfvrr  <if  iba  tiibia 

;l  tf  lb»  y>*>iHii  of  tW  l^M^  Wvwa  b»  fUn  i  «Ml|y  oae 
lhi»  «^bit «»  ib»  rftfOMlMf  «ttHb«a.iliaolivlMi  tbu  the 
b«^«XI*«mvt  lbrlMrr«iiiM«tt^«iib».Mr  _ 
|ftti«»VM«««tt  tU  wwwiwHi  oT  tb»  r»»  fcwwa  will  b» 
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■  second.  la  all  probability  the  lower  estimate  is  the  more  cor- 
rect oDe;  but  it  must  be  remembf^red  that  in  all  probability  the 
rate  varies  very  considerably  under  different  conditions.  Ac- 
cordiuj^  to  all  observers  the  velocity  of  the  wave  in  passing  from 
the  groin  to  the  foot  is  greater  than  that  in  passing  from  the 
•xilla  to  the  wrist  (6  m.  against  5  m. ).  This  is  probably  due  to 
the  fact  that  the  fenioral  artery  with  its  branches  is  m()re  rigid 
than  the  axillary.     So  also  in  the  arteries  of  children,  the  wave 

I  travels  more  slowly  than  in  the  more  rigid  arteries  of  the  adult; 
and  the  velocity  appears  to  be  increased  by  cireumBtances  which 
beighteo,  and  decreased  by  those  which  lessen  the  mean  arterial 
pressure,  since  with  increasmg  or  diminishing  pressure  the  arterial 
walls  become  more  or  less  rigid. 

4.  When  two  curves  Uken  at  diflerent  distances  frnni  tlin 
pump  are  compared  with  each  other,  the  far  curve  will  be  fijund 
to  be  shallower,  with  a  less  sudden  rise,  and  with  a  more  muuded 
summit  than  the  near  curve;  compare  i)&  with  In,  Fig.  64.  In 
other  words,  the  pulse-wave  as  it  travels  onward  l)ecotiies  diiuiu- 
ishe<i  and  flattened  out.  If  a  series  of  levers,  otherwise  alike, 
were  placed  at  intervals  on  a  piece  of  tubing  *ufticiently  long  to 
convert  the  intermittent  strfam  into  a  c()utinuoua  flow,  the  pulse- 
wave  might  be  observed  to  flatten  out  gradually  and  grow  less 
until  it  ceased  to  be  visible. 

Care  must  be  taken  not  to  confound  the  progression  of  the 
pulse-wave  with  the  progreasion  of  the  fluid  itself.  The  pulse- 
wave  travels  over  the  moving  blood  somewhat  ns  a  rapidly 
movine;  natural  wave  travels  along  a  sluggishly  flowing  river, 
the  velocity  of  the  pulse-wave  being  9  metres  per  second,  while 
that  of  the  current  of  btoud  is  not  more  than  half  a  metre  per 
second,  even  in  the  large  arteries,  and  diminishes  rapidly  in  the 
smaller  ones. 

Taking  the  duration  of  the  pulse-wave — that  is»thc  time  taken 
hy  any  [K>int  in  the  arterial  tract  in  expanding  and  returning  to 
its  former  calibre,  so  low  as  -|^  of  a  second,  it  is  evident  that  the 
pulse-wave  started  by  anv  one  systole,  even  if  it  travels  so  slowly 
as  5  m.  per  second,  will  before  it  is  completed  have  reached  a 
point  ^  of  5m.  =  2m.  distant  from  the  ventricle.  But  even  in 
the  tallest  man  the  tips  of  the  toes  are  not  2m.  dislant  from  the 
heart.     In  other  words,  the  length  of  the  pulse-wave  is  much 

Ierealer  than  the  whole  length  of  the  arterial  system,  so  that  the 
Beginning  of  each  wave  has  become  lost  in  the  small  arteries 
and  capillaries  some  time  before  the  end  of  it  has  finally  passed 
&WHy  from  the  beginning  of  the  aorta. 
The  general  causation  of  the  pulse  may  then  be  summed  up 
**«me\vhat  as  follows:  The  systole  of  the  ventricle  drives  a 
quantity  of  blood   into   the   already   full   aorta.     The  sudden 
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injection  4jf  this  quantity  of  blood  expands  the  portion  of  the 
aurtu  next  tu  ttie  heart,  and  thus  gives  ri^  to  the  sodden  up- 
stroke of  the  pulse-curve.  The  rapidity  of  the  ilow  from  the 
ventricle  being  greatest  at  ils  beginning,  the  maximum  of  ex- 
pansion is  soon  reacheil,  and  the  aortic  walls,  even  while  for  a 
short  time  bloo<l  is  still,  wiih  diminii»hing  rapidity,  issuing  from 
the  ventricle,  lend  by  virtue  vf  their  elasticity  to  return  to  their 
former  calibre.  This  return  continues  after  the  flivw  has  ceased» 
and  the  aortic  valves  soon  becoming  closed,  the  ehistic  force  thus 
brought  into  play  serves  t<»  drive  the  blood  onward.  The  elastic 
recoil  being  slower  than  the  initial  expansion,  the  down-stroke 
of  the  pulse-curve  is  more  gradual  than  the  up-stroke.  Of  this 
portion  of  the  aorta,  which  actually  receiven  the  blo«xl  ejected 
from  the  heart,  the  part  immediately  adjacent  to  the  semilunar 
valves  begins  to  expand  first,  and  the  expansion  travels  thence 
on  to  the  end  of  this  portion.  In  the  same  way  it  travels  on 
from  this  portion  through  ait  the  succeeding  portiunu  uf  the 
arterial  system.  For  the  total  expansion  required  to  make  room 
for  the  new  quautity  of  blood  cannot  be  provided  by  that  portioa 
alone  of  the  aorta  into  which  the  blood  is  actually  received;  it 
is  supplied  by  the  wliole  arterial  system ;  the  old  quautity  of 
blood  which  is  replaced  by  the  new  in  this  Hrst  portion  has  to 
find  room  for  itj»elf  in  the  rest  *»f  the  arterial  space.  Ae  the  ex- 
pansion travels  onward,  however,  the  increase  of  pressure  which 
each  portion  transmits  to  the  succeeding  portion  will  be  less  than 
than  which  it  received  from  the  preceding  portion.  For  the 
whole  increase  of  pree-suro  due  to  the  systole  of  the  ventricle  has 
to  be  distributed  over  the  whole  of  the  arterial  system,  and  a 
fraction  of  it  muj*i  therefore  b«  left  behind  at  each  stage  of  ita 
nrogress;  that  is  to  say,  the  expansion  is  continually  growing 
leas,  as  the  pulse  travels  from  the  heart  to  the  capillaries;  hence 
the  diminished  height  of  the  pulse-curve  in  the  more  distant 
arteries,  and  ita  disappearance  in  the  capill^iries. 

Secondary  Waves  and  Bicrotism. — In  nearly  all  pulse-tracings, 
the  curve  ot  the  ex|ian»ion  and  contraction  of  the  artery  is  broken 
by  two,  three, or  several  smaller  elevations  and  depressions;  sec- 
ondary wavfs  are  im|H>scd  up<m  the  fundamental  wave.  In  the 
sphygmographic  tracing  from  the  carotid  and  radial  reproduced 
in  Figs.  4)6  iind  00  and  in  many  of  the  other  tracings  given,  these 
secondary  elevations  are  marked  us  li,  O,  I).  When  one  such 
secondary  elevation  only  is  conspicuous,  so  that  the  pulse-curve 
presents  two  notable  cresta  onlv.  the  primary  creat  and  the  aeo- 
oudary  one.  the  pulse  is  said  to  bo  "dicrotic;*'  when  twosectmdary 
creitta  are  pro[uinent,  the  pulse  is  often  called  "tricotic;"  where 
several,  ** polycrolic.'*     Asa  general  rule,  the  secondary  eleva- 


4 


THK    PUL3K, 


213 


tions  appear  only  cm  the  deecerKliiig  Hmb  of  the  whole  wave,  as 

in  moet  of  the  curves  given,  and  (he  curve  ia  then  spoken  of  aa 

katacrolic."     Sameliaies,  however,  the  first  elevation  or  crest  is 


Fio.  flfi. 


AA,fVMVVW(WUV\AA. 


ft'iJUc-TRARiKo  mall  LUbotid  AMTititT  ur  HKAtTlir  M-AN.I     Kn>ui  Mi)KS>. 
X,  rnmniMurcDifnt  uf  rxpAiulun  of  xUf  uncry.    A,  ^niiimtt  of  th<*  tint  riw.    r,  riicrulir 
^•ifOtiUry  wnvv.     II.  |inHli(-n>tlr  wicitinliir;  wnv  ;  |i,  ni>li  li  |>i<'<  <'<liii£  tliia.     I>,  niK  ifixlln^  M>e- 
ootiMty  wavu.     Till'  curve  aliuvv  ia  thut  cf  n  ttiuiDic-rork  wltlt  Ion  il>iul>le  vllrntUitis  in  amcoaU. 
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TiAfH  wlUi  pxtni  VB«.'iil»r  imwurt*  uf  7(i  mm.  itim my.  Tlir.  tit1I<-uI  ciini-J  linu  L  gil 
lb(>  tTw-iii)^  wlililt  tlin  rtxMnlliig  loTur  iuiuIp  when  rlu-  Miu\i-iitil  |iii|M-r  wto  tmrfioalnM. 
liniiAitdiiU  lino  ftiruu  tlm  HlnM-iau  of  iIr'  trorliig.  Tlie  ■.-iirvi^l  lti(crni|i(f«i  luii>»  Khuw  the 
ilUtt»iu'«  from  t'luj  ftnothiT  in  ittno'iil  ilii*  rlilr*f  phsw*  ottlx**  ihiIm?  wave,  x-  4'uiiiiucuc<>m<<ul 
nnd  A  lirnw  of  eximiiiiion  uf  ttrt«-ry.  f,  iHittirititi'  m  lUli.  rf,  <tirn>ti(-  imlrli.  f,  liU-mUc  r.rwf , 
I>,  |»jrt-tllcnitlc  crt«L     ',  the  lM«t-illvlvIk-  noteli. 


'  II  wilt  bo  DDderttood  thut  in  th«  eaie  of  tbit  and  tfa«  fucoeed'uii;  rph^Kmo- 
graphio  tr&ciDgs  (for  the  l&tter  1  am  indtbied  to  Dr.  Galabin  and  Dr.  Roy) 
coiupariffonfl  between  tho  aQveml  curvoj  can  only  bf  made  in  a  limited  manner 
ftDd  with  precautions,  iince  (ho  traciiifja  are  taken  with  difTorcnt  araplificatloni, 
prMSureB.  etc. — and  are  »onie  Troia  man,  others  Trom  aniuial^.  Ttiey  are  intro- 
duo«d  timply  to  llluftrat«  poioU  treated  of  uacoOBidTely  in  the  text. 
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Dot  the  hij^heet,  but  appears  on  the  asccndiDg  portion  of  the 
main  curve  a-s  iu  Fig.  67  ami  Fig.  70;  such  a  curve  is  spoken 
of  as  **HUttcrutic." 

Of  tlieso  secomlary  elevations,  the  most  frequent,  conspicuous, 
and  important  is  the  one  which  apj^ears  some  way  dowu  on  the 
descending  limb  an<1  is  marked  C  on  most  of  the  curves.     It  is 

Fio.  67. 


A.)iAt'Rvrii*  PuuitTBAriAM  rm*m  thk  Cabotid  ur  Rariut. 

more  or  less  distinctly  visibleon  all  sphygniographic  tracings  and 
may  be  seen  in  sphygraogntnis  of  (lie  aorta  as  well  as  of  other 
arteries.  Sometimes  it  is  so  slight  na  to  he  hardly  discernible; 
at  other  timps  it  may  be  so  marked  as  to  give  rise  to  a  really 
double  pulse  (Fig.  Qh) — i.  c,  a  pulse  which  can  be  felt  as  double 
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T«u  GftADn  or  mabkkd  DintftTisM  ik  Rahial  fiiuii  ir  Mam.    (Typhoid  Famr.) 

by  the  6nger,  hence  it  has  been  called  the  dicrotic  elevation  or 
the  dicrotic  wave,  the  notch  prccciling  the  elevation  being  spoken 
of  as  the  "dicrotic  notch."  Neither  it  nor  any  other  secon 
dary   elevations  can   be   recognized  iu  the   tracings  of  blood- 

Fio.  69. 


NoHMAt.   Pl'UOB-CVIirit   111  TUK  AoilTl    fMOM  T«tlt   DuQ. 

pressure  taken  with  n  manometer.     This  may  be  explained  by 

the   fact  that  the   niovtments  of  the  mercury   column   are   loo 

slugi^iah  til  reproduce  these  liner  varialirms,  but  dicrotism  is  also 

jnicuous  by  \lA  absence  in  the  tracings  given  by  more  deli- 
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cately  responsive  instruments.  Moreover,  when  the  Donual 
puiae  is  tell  by  ihe  finger,  niunt  persuns  find  tlietuisclves  unable 
to  detect  any  dicroiisin.  Hence  some  have  been  led  to  mBintain 
that  this  and  the  other  secondary  elevations  do  not  really  exist 
in  the  normal  pulse.  But  it  seems  difficult  to  maintain  this 
view  in  face  of  the  experiment  of  Landois.  iu  which  the  tracing 
obtained  by  allowing  tl»e  bl'Mxl  to  spirt  directly  from  an  oj)eue(l 
small  artery,  such  as  the  dorsnlis  pedis,  u|K)n  a  recording  surface, 
showed  in  au  uumistakabie  manner  the  existence  of  the  dicrotic 
wave. 

Less  constant  and  conspicuous  than  the  dicn»lic  wave,  but  yet 
appearing  in  most  sphygmograms,  is  nn  elevation  which  appears 

Pio.  70. 


.\*iAciiMric  HriivoM'X'Rjtrn  Tt^•'l^^,  iirii>i  rui-  .\xK.<kt>iNii  Aurta  (Aik'Mii 


higher  on  the  descending  limb  of  the  main  wave;  it  is  marked 
B  on  some  of  the  curves  an<l  is  frequently  called  the  predicrotic 
wave  ;  it  may  become  very  pnnnincut.  SDraetimes  other  secondary 
waves  are  seen  following  the  diiTniic  wave  at  D  in  Fig.  t>.5.  but 
these  are  very  incoustaut  and  usually  even  when  predent  incon- 
spicuous. 

"When  tracings  are  taken  frnra  several  arteries  or  from  the 
ttne  artery  under  different  conditions  of  the  body,  these  secon- 
dary waves  aitj  found  to  vary  very  considerably,  giving  rise  to 
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lany  characteristic  forms  of  pulse-curve.  Moreover,  in  the 
same  artery,  and  with  the  same  instrument,  the  fnnn  and  even 
the  special  Jetttures*»f  the  curve  vary  according  to  the  amount 
of  pressure  (expressed  either  in  ounces  or  in  mm.  of  mercury) 
with  which  the  lever  is  pressed  upon  the  artery.  Figs.  7'J,  73 
show  a  aeries  of  chaogea  thus  brought  about  by  varying  the 


216 


TBI    TASCVhXU    MBCHAKISH 


pfonre  of  the  lever,  aod  Fig.  74 


tibe  effect  of  this  extn- 


TMcalsr  preiKire  on  tbe  form  of  a  faWj  dicroCk  pubei    TUi 
of  pwawre  in  fact  rarin  aooordnig  to  the  eosditioa  of  tke 


rwBcaUtr  sftftem. 


Wen 


ible  with 


back  tbe  several  fezv 


GertaiDtjT  to  l 
of  tbe  carm  to  ibeir  respectire  canaw,  an  ade<)aate  ezamiDaiioo 
of  tpb/gmographic  traciogs  would  aadoobtedlj  diadoae  macb 
raluable  inforoiaiioD  concemiDg  the  eonditton  of  tbe  bodv  pre- 
MOtioff  libera.  Uofortuiiatelr  tbe  problem  of  tbe  origin  of  tbese 
■ecoodary  waves  ia  a  most  difficult  and  complex  ooe,  so  mucb  ao 
that  the  detailed  ioterpretaiion  of  a  sphygmographic  traciDg  is 
•till  in  raoet  cases  extremely  uncertain. 

Various  causes  have  been  suggested  as  bringing  about  the 
secondary  waves,  and  mucb  discuasioD  has  arisen  e^>eci&liy  cod* 
oeming  the  dicrotic  wave.  When  the  tube  of  the  arti6cial 
scheme  bearing  two  levers  is  blocked  just  beyond  the  far  lever. 


Fio.72. 
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the  priiriftry  wave  is  seen  to  be  accompanied  by  a  second  wave, 
which  at  the  far  lover  is  Reen  ch«e  to,  and  oAen  fused  into,  the 
primary  wiivr  ( Fijr.  HH,  VI.  a),  but  nt  the  near  lever  is  at  8<»me 
distance  from  it  (Fig.  68,  L  a  },  l)eing  the  further  from  it.  the 
longer  the  interval  between  tbe  lever  and  the  bhx-k  in  the  tube. 
The  second  wave  is  cvitlrnlly  the  primary  wave  rertected  at  the 
filling  bsckwards  towanls  the  pump,     it  thus,  of 
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course,  passes  the  far  lever  before  the  near  one.  And  It  has  been 
argued  that  the  ditTolic  wave  of  the  pulse  i»  really  such  a  re- 
Heeted  wave,  Hiarted  either  at  the  niiiitite  arteriea  and  capillaries, 
or  at  the-  poiuta  of  bifurcation  of  the  larger  arteries,  and  Iravel- 
liug  hackwarils  to  the  aorta.  But  it'  this  were  the  case,  the 
difllaDce  between  the  primary  creat  and  the  dicrotic  crest  ought 
to  be  le»s  in  arteries  more  diutaut  from  the  heart  thun  in  those 
nearer,  just  as  in  the  arliiicial  Rcheme  the  reflecte<i  wave  is  fused 
with  a  primary  wave  near  tiie  b](K*k,  but  becomes  more  and  more 
separated  i'ruru  it  the  further  back  we  trace  it.  Nnw,  this  is  not 
the  case  with  the  dicrutic  wave.  Careful  measurements  show 
that  the  ilistance  between  the  primary  and  dicrotic  creets  is  either 
greater  ui  certainly  not  less  in  the  smaller  or  more  distant  arteries 

Fia.  73. 
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than  in  the  larger  or  nearer  ones.  This  feature,  indeed,  proves 
that  the  dicrotic  wave  cannot  be  in  any  way  a  retrograde  wave. 
Again,  the  more  rapidly  the  primary  wave  is  obliterated,  or  at 
least  diminishe<l  on  its  way  to  the  periphery,  the  lean  c<»ii8picu()ua 
should  be  the  dicrotic  wave.  Hence,  increased  extensibility  and 
increased  elastic  reaction  of  the  arterial  walla  which  tend  to  use 
up  rap'dly  the  primary  wave,  should  also  lessen  the  dicrotic  wave. 
But,  as  a  matter  of  fact,  these  conditions  are  favorable  to  the 
prominence  of  the  dicrotic  wave.  Besides,  the  multitudinous 
peripheral  division  would  render  one  large  peripherically  reflected 
wave  impoesible. 

Bui  in  a<ldlti(in  to  reflected  waves,  other  waves  which  may  be 
called  "  waves  of  oBciliation,"  make  their  appearance  when  a  fluid 
is  driven  thn)Ugh  a  system  of  tubes,  by  moans  of  an  intermittent 
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is  low.  Bo,  also,  it  miiy  be  brought  on  at  once  in  an  arter3r  in 
which  it  WHS  previously  insignidoaut  by  sudden  lowering  of  the 
bloHi-predaure.  iw  is  ahowu  in  Fig.  7o.  It  may  similarly  be 
induced  by  seetinn  of  the  vago-motor  nerves  l>ehinging  U>  the 
branches  of  the  artery  ;  this,  as  we  shall  presently  see,  diminishes 
the  peripheral  resistance,  through  an  expansion  of  the  minute 
arteries,  and  so  lends  to  a  lowering  of  the  blood -pressure  in  the 
main  arteries.  The  prominence  of  the  dicrotic  wave  is  further 
de{>eudent  on  the  amount  of  extensibility  and  elastic  reaction  of 
the  arterial  walls.  Hence,  the  dicrotic  wave  is  not  well  marked 
in  arteries  which  have  become  rigid  by  disease  or  old  age. 

FiQ.  75. 


Tkacimu  rw>v  KtpiAi.  tn  31«n  ; 
•hnwini;  rlHUigo  in  tarm  »{  pitW-^nnr  >n-«nit«nviaK  ■  >iwiili>ii  fail  in  Uw  Uonl-pfMMHtti, 
Thr  |<iil*»,  «t  ftrvl  not  rriMrkrill}'  >llrniUi',  niJally  Itpoimiw  m\  ami  then  (muht-i  on  Inb<  tttf  t^tn- 
tllUou  lcn"«  II  lu  liT-pfr-lli  piti^ii,  wherv  tliw  tlimjllr  a<'tt'ti  n-At'lir*  « l«>«fl  lo«>r  iliati  Dial  fruni 
which  tl>«  |U'itiuu'«  riw  ^Artiai. 

We  may  add  that  an  anacrotic  pulse,  in  which  a  crest  followed 
by  a  notch  is  visible  on  the  ascending;  iwrtion  of  the  curve,  before 
the  mnximum  of  expansion  is  reached,  though  it  may  sometimes 
be  prxUiced  temporarily  in  healthy  persons,  is  generally  asso- 
ciated with  di^caited  conditions,  usually  such  in  which  the  arteries 
are  abnormally  rigid.  It  has  been  interpreted  as  due  to  the 
pressure  in  the  aorta  rising  even  after  the  first  rapid  rush  from 
the  ventricle.  Under  normal  conditions,  ss  we  have  already 
seen,  the  maxinium  expansion  is  soon  reached,  but  in  cases  where 
the  arterial  wall^  are  unu!!uully  rigiil  and  the  heart  at  the  same 
lime  not  abnormally  weak,  the  venlricle  uiay  continue  to  empty 
ilaelf  against  a  resistance  which  increases  rapidly  with  the  amount 
of  blooii  |>ad8ing  into  the  aorta,  so  that  in  spite  of  the  diminishing 
rapidity  with  which  the  blood  is  leaving  the  ventricle  the  insuffi- 
cient distensibilily  of  the  vessels  causes  the  pressure  in  their 
iuteri'>r  to  continue  to  rise  until  nearly  the  en<l  of  the  outHow 
from  the  heart.  An  anacrotic  pulse  also  frequently  accompanies 
hyperiro[»hy  and  ililation  of  the  lef\  ventricle. 
'The  puUi*.  then,  is  the  expression  of  two  sets  of  conditions: 
\u'  heart,  and  the  other  to  the  arterial  svstem, 
,  .08  remaining  the  same,  the  characters  of  the 
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imlse  may  l>e  mollified  l)y  thaiij^fs  taking  place  iu  the  beat  of  the 
heart;  and,  a^ain,  ihv  bout  nf  ihe  heart  remaining  ihc  same,  the 
|>ul»e  may  be  modified  by  changes  taking  place  in  the  arterial 
walls.  Ilence,  the  diagn(«lic  iiat*  of  the  pulse-characters.  It 
mu8t.  however,  be  remembered  that  arterial  changes  may  be 
accompHnied  by  cornpenaating  cardiac  changes,  tiiHUch  an  extent, 
that  the  same  fenttires  of  the  pulse  may  obtain  under  totally 
diverse  conditions,  provided  that  these  coaditions  affect  both 
factors  in  compensating  directions. 

Venous  Pulse.— Under  certain  circumstances,  the  pulse  may 
be  carried  on  from  the  arteries  through  the  capillaries  into  the 
reins.  Thus,  when  the  salivary  gland  is  actively  secreting,  the 
bloo<i  may  is«UH  from  the  gland  through  the  veins  in  a  rapid 
pulsating  stream.  The  nervous  events  which  give  rise  to  the 
8ecreti<m  of  saliva,  lead,  at  the  same  time,  by  ll»e  agency  of  vaso- 
motor nerves,  of  which  we  shall  prei*ently  sp^ak,  to  a  dilation  of 
the  small  arteries  of  the  gland.  This  ililatation  of  the  small 
arteries  diminishes  the  peripheral  resistance  by  allowing  more 
blood  to  pojis  through  them  with  less  friction  ;  in  couHcquencc, 
the  elasticity  of  the  arterial  wall»  is  brought  into  play  to  a  le.^a 
extent  than  before,  and  this  may.  in  certain  cases,  go  s<»  far  that, 
as  iu  the  case  of  the  ariiHcinl  apparatus,  where  the  elastic  tubing 
has  an  open  end  (see  p.  170),  not  enough  elasticity  is  brought 
into  action  to  ctmvert  the  intermittent  arterial  flow  into  a  con- 
tinuous one.  A  similar  venous  pulse  is  also  sometimes  seen  in 
other  organs. 

Careful  tracings  of  the  great  veins  iu  the  neighborhood  of  the 
heart  show  elevations  aud  depressions,  which  appear  due  to  the 
variations  of  intracardiac  pressure,  and  which  may,  perhaps,  be 
spoken  of  as  cousliluting  a  "  venous  pulse;"  but  at  present  they 
need  further  elucidation.  In  cases  of  ins?ufficiency  of  the  tricuspid 
valves,  the  systole  of  the  ventricle  ruakes  itself  felt  iu  the  great 
veins;  and  a  didteution  travelling  backwards  from  the  heart  be- 
comes very  visible  in  the  veins  of  the  neck.  This  is  sometimes 
spoken  of  as  a  venous  pulse. 

Variations  of  ureasure  in  the  great  veins  due  to  the  respiratory 
movements  are  also  sometimes  spoken  of  as  a  venous  pulse;  the 
nature  of  these  variations  will  be  explained  in  treating  of 
resmration. 


n     TIJE  VIT.\L  PHENOMENA  OP  THE  CIROITLATION. 


So  far  the  facta  with  which  we  have  had  to  deal,  with  the  ex- 
ception of  the  heart's  beat  itself,  have  been  simply  physical  facts. 
All  the  essential  phenomena  which  wc  have  studied  may  be 
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reproduced  on  a  dead  model.  Such  an  unvarjiog  mex^haoica] 
vaaculur  Hyiiletu  would,  however,  be  useless  to  a  Jiving  body  wbooe 
actions  were  at  all  complicated.  The  prominent  feature  of  a 
living  mechanism  is  the  power  of  adapting  itself  to  changes  in 
its  internal  and  external  circumetaDces.  In  8uch  a  system  as  we 
have  sketched  above  there  would  be  but  scanty  power  of  a<iapta- 
tioD.  The  weJI-cuDstructed  machine  might  work  with  beautiful 
regulnrity  ;  but  its  regularity  would  beii«def<truction.  The  same- 
quantity  of  blood  would  always  6ow  in  the  same  steady  stream 
througli  each  and  every  tissue  and  organ,  irrespective  of  focal  and 
general  wants.  The  brain  and  the  stomach,  whether  at  work 
and  needing  much,  or  at  rest  and  needing  little,  would  receive 
their  ration  of  bloijd,  allotted  with  a  p»erniciou9  monotony.  Just 
the  tiame  amount  of  blood  would  pass  through  the  i^kiu  on  the 
hottest  as  on  the  coldest  day.  1  he  canon  of  the  life  of  every 
part  for  the  whole  [leriod  of  its  existence  would  be  furnished  by 
the  inborn  diameter  of  its  bloodvessels,  and  by  the  unvarying 
motive  power  of  the  heart. 

Huch  a  rigid  system,  however,  does  not  exit^t  in  actual  living 
I)eing8.  The  vascular  mechanism  in  all  animals  which  poseess 
one  is  capable  of  local  and  general  modihcatinns,  adapting  it  to 
local  and  general  changes  of  circumstjuices.  These  nioditications 
fall  into  two  great  classes: 

1.  Changes  in  the  heart's  beat.  These,  being  central,  have  of 
course  a  general  effect. 

2.  Changes  in  the  peripheral  resistance,  due  to  variations  in 
the  calibre  of  the  minute  arteries,  brought  abotii  by  the  agency 
of  their  contractile  muscular  coats.  These  changes  may  be 
either  local  or  general. 

To  these  may  be  added  as  subsidiary  modifying  events: 

3.  Changes  iit  the  peripheral  resistance  of  the  capillaries  due 
to  altnratiiins  in  the  adnesivenes.^  of  the  capillary  walKs  or  to 
other  inlluences  arising  out  of  the  as  yet  obscure  relations  exist- 
ing between  the  blood  within  and  the  tissuar without  the  thin 
permeable  capillary  walls,  and  depending  on  tnc  vital  conditions 
of  the  f»nc  or  of  the  other.  Such  changes  causing  an  increase  of 
wripheral  resistance  are  seen  to  a  marked  degree  in  the  patho- 
logical condition  known  as  stasis. 

4.  Changes  in  the  (piantity  of  blood  in  circulation. 

The  tirst  twt»  and  chief  classes  of  events  (and  probably  the 
ll  *    '  '         '       i  '      "'       '    liinion  of  the  nervous  system. 

ir.m  that  ihe  heart's  beat  and 
I  'ht  into  relalion  with 

the  body.     It  is  by 
ii  II  the  litart,  or  on  the 

•>;  circumbiAuces  atfcct^ 
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ing  dther  the  whole  or  a  part  of  the  body  is  met  by  compen- 
sating or  regulative  changca  in  the  flow  of  b|(_MKl.  It  is  by 
means  of  the  nervous  system  that  an  organ  has  a  nutre  ftifl 
Bupply  of  bIo<»4  witen  ai  work  tlian  when  at  rest,  that  the  stream 
of  blood  through  the  l^kiu  ri^.^  and  ebbs  with  the  riae  and  fall 
of  the  teiu[»eraiure  of  the  air,  that  the  work  of  the  heart  is  tem- 
pered lo  meet  tlie  Btraiu  uf  overfull  arteries,  and  that  the  arterial 
gates  <tpen  ant!  phut  «<*  the  fnrc'e  of  the  central  juimji  waxes  and 
wanes,  Kach  uf  these  vital  factors  of  the  circulation  must  there- 
fore he  conf'idered  in  connection  with  those  parts  of  the  nervous 
system  which  are  concerned  in  its  action. 
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Sec.  4. — Cuakqks  in  the  Beat  of  the  Heaht. 

We  have  already  discussed  the  more  purely  mechanical  phe- 
nomena of  the  heart.  We  have  therefore  in  the  present  st'Ctioo 
only  to  inquire  into  the  nuture  and  working  uf  the  mechanism 
(chiefly  at  least  nervous)  by  which  the  beat  of  the  heart  is  main- 
tained,  varied,  and  regulated. 

In  slufiving  cli'soly  th<t  phcnomenA  of  the  beat  of  tho  heart,  il  becomos 
necessiiry  to  uLttiin  n  grnj^hie  rentpi  i.f  vftriiiu:«  iiMiVfnR'iils. 

1.  In   the  (n%  i»r  <tihfr  CMld-bU'o<lt'd  animiil,  it  light  lever  may   be 

Jilni'^  direcily  "n  the  vt-ntrirle  (('r  (in  tin  hut'uU',  tflv.)  nini  rhtiuge!«  of 
nrtn,  diiu  either  l<>  di»teDliou  by  the  intlux  of  bli.Kxl,  or  tu  the  .«y^inle, 
will  cnutQ  niuveinentft  cf  the  lev^r,  wbk-h  may  be  rccordtid  on  n  irtivel- 
ling  Ktiffiire.  Th<^  sAme  iiieihitd  may  he  n|iptit*d  to  ihe  innnimnliun  heart, 
but  difficulties!  nro  introduced  by  tho  locomotion  of  the  hejtrt  caused  by 
the  rn<>vtMnenl»  uf  the  )iiiig». 

2.  Or,  H«  in  <tA»keir»>  ii)^lh<>d,  the  heart  may  be  Hxod  by  a  clnmp  care- 
fully udju«led  round  the  Huriculo-vuiitriciiliir  grouve,  whili>  the  n\mx  uf 
the  ventricle  and  toiuv  |KiTiioii  uf  one  auricle  are  Httiiched  by  threads  to 
bori7.(«Mtiil  levers  plno-d  r*-MH'i-tively  above  iind  bi.'Iow  the  heart.  The 
auricle  and  the  ventricle  eiich  in  its  »y5lole  pulU  at  tlo'  lever  atlarbed  to 
tt;  and  the  limeA  and  extent  4>f  the  eontriu'tioiii!  may  thus  be  re4*ordcd. 

8.  A  pecon!  of  intraonrdiac  pressure  may  be  tMken  in  the  fro^  or  lor- 
toUe,  lU  in  the  nutinraul.  by  means  of  an  upprupriate  inununiettiir.  And 
io  tlies«  anirnuU,  at  all  «venlj,  it  i&  ea^y  to  keep  up  nn  nrtiflcial  circula- 
tion. A  cHnuIa  i«  introduced  into  the  fiinus  venu!>M*  iind  another  intf>  the 
ventricle  ihruugh  the  aorto.  Serum  or  dilute  blood  (or  any  other  fluid 
which  it  uioy  be  deftimd  to  employ)  is  driven  by  moderate  pressure 
tbroiiirh  the  fotmer;  to  the  latter  is  uitaclntd  a  lube  cnnnt'cled  by  tneuoit 
of  a  side  piece  with  a  Binall  meroury  Diunuineier.  ^>(>  lon^  a«  tho  exit 
lube  i«  u|>«n  at  tho  end,  fluid  tlows  freely  through  the  hettri  luid  appa- 
ratus. Upon  tilu^ing  the  exit  tube  nt  itA  far  end,  the  force  uf  the  ven- 
tricular syttote  ifi  bn  u^ht  to  bear  on  the  nmnonici4*r,  the  index  of  which 
regi*t"r*  in  iheueiial  way  the  morementt>  uf  the  mercury  column.  Newell 
Martin  hiu  aucceedod  in  applying  a  modi tl cation  of  thift  njotlii>d  to  lb« 
luammalian  heart. 
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4.  The  iiinveinpiits  ff  tliu  ventricle  mny  Iw  trsrUterwl  by  introducing 
into  it  through  thL-  U'lricuto-venlrieuliir  onlire  a  »u-cii}led  *•  perfuaion  " 
L'ttnuln,  Kii;.  Tti  I,  with  u  (KiiiLIu  tihc,  uric  inside  thu  olher,  ttiid  tyi'nic  the 
vetitrioloon  to  ihv  oiiiiula  iit  the  miricul<w«nlriculttr  ffroi»vt',  or  ut  nay 
IdvoI  hfliiw  ihut  whieli  rimy  he  d<?siri'd.  Thf.  hLiod  or  other  fluid  is  driven 
ut  un  Hdf-i|UuiL'  nn-g-urfc  th'-nnyh  ihu  tube  n,  enters  tho  venlriclo,  and 
r«?Hirn''  by  tho  uiiw  ft.  If  ft  be  connected  with  ii  iniinoineter,  as  in  meihod 
fl,  thn  innvcinenU  of  tho  vcntricli?  «i«y  hfi  renislered. 

5.  In  tho  uppnnttu^  of  liny,  Klg  7*i  II,  thti  exit  tube  is  frco,  but  the 
ventricle  (ihe  «utiio  rntrlhud  intiy  1k>  adopted  for  the  whole  heart)  \&  placed 
in  an  ftir-li};)it  rhtimher  dlk-d  with  nil  or  partly  with  normal  suline  suhi- 
Ltun  and  partly  with  uil.      Hy  tni^itis  of  the  tube  ft  the  interior  of  the 
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I.   Porfiuldii  ninaU  ttod  iutw  fn^t  tvulrfc-l*.      a,  entnlirp,  b,  wslt,  laht ;  a,  f«»ll  ttf  vvtjT 
trtrh"  i  ^j  llipitiirr. 

ft.  lUiy'o  nii|Mmlu«  iB-xllfl^l  hy  llwkcll.  n,  ctuunlxir  ftllnl  Willi  mliui'  Milolkin  atnl  nU, 
rt.niHiiiitii:  tli»  vonirlrlr  a  litn)  »n  t^i  (xTfiiNion  canuU  /.  k,  tube  lM4lti«  Ut  ojrlijiilf>r  n.  In 
wtilrb  nit(\'c«  [iletun  it,  working  (Ik.-  I^ver  t. 

chamber  fi  xa  eontinuonft  with  that  of  a  ftmitll  cylinder  c  in  which  a  piston 
(i  sceun'd  by  thin  flexible  animal  membrnne  works  up  and  down.  The 
piston  again  bears  on  a  lever  e  by  niean«  of  which  it4  niovcuients  may 
be  rcjiixtered.  WhiMi  the  ventricle  contract*  and,  hy  cnntractiiii;,  dimin- 
ishes in  vohmie,  lii"ro  is  u  le-sentng  of  iiressnre  in  the  interior  of  tho 
chamber,  lh>»  \»  trau-mitCed  to  the  cylinder,  and  the  piston  curreftpond- 
ingly  ri%cs,  carrying  with  it  the  lover.  A«  the  venlricic  HtiliAuipientIv 
becomes  di&tended,  the  pressure  In  tho  cliamber  i*  inen'iised,  and  the 
pi»t4>n  and  'ever»ink.  In  thik  wuy  variation*  in  the  vulumc  of  the  ven- 
tricto  may  be  recortb>d  without  any  interference  with  the  tlow  of  blood  ur 
fluid  throuj^h  it. 
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The  Mechanimn  of  the  Normal  Beat, 

The  Cardiac  Mascles. — Whon  a  frng's  heart  which  h«8  ccn?e*f 
to  bent  spontaneously  iH  eliniulntttl  liy  touching  it  with  n  bliiut 
needle,  a  heat,  id  frutjiienlly  railed  forth  ;  thisartifioiu]  beat  diflern 
in  no  obvious  oliaraelers  from  u  natural  beat.  The  latent  period 
of  ftuch  an  urtitirial  beat  ih  remarkably  long,  the  length  varying 
within  very  wide  lirniu».  Thus  the  canliac*  contraction  is  more 
like  that  of  an  unstriated  than  of  a  Hlriated  njU8clu.  The  beat  is 
in  fact  a  modified  or  peculiar  form  of  [M^riEttnltic  cnntraclion.  Tn 
the  heartH  of  some  anlruala,  the  ventricle  forms  a  straight  tube; 
and  in  tht^ae  the  peristaltic  clmract(;r  of  the  beat  is  obvious;  but 
in  a  twisted  tube  like  that  of  the  vertebrate  ventricle  ordinary 
perititaltic  action  wuuld  be  impotent  to  drive  the  blood  onward, 
and  is  accordingly  so  far  modified  that  the  periataltic  character 
of  the  beat  is  recognized  only  when  the  action  of  the  heart  be- 
comes slow  and  feeble. 

The  cardiac,  like  the  skeletal  muscular  fibre,  after  a  contrac- 
tion returns  by  relaxatiitn  to  its  previous  shape,  and  the  whole 
ventricle  (or  whole  heart)  regains  after  a  beat  the  form  natural 
to  its  (juiesceut  state.  Thid  diastolic  expansion,  though  increai^ed 
by,  is  not  dependent  on,  the  influx  of  fluid  into  the  cavities  of  the 
heart.  Thus  the  ciivitv  of  the  etnply  (juiescent  luamniaiiau  left 
ventricle,  though  smaller  than  whi^n  it  is  distended  with  blood, 
as  in  ita  normal  action,  is  larger  than  when  it  is  in  systole  or 
when  rigor  mortis  has  set  in ;  moreover,  if  its  dimensions  be  arti- 
ficially lessened,  as  when  it  is  Sfjueezed  with  the  Itantl,  it  returns 
by  an  elastic  reaction  to  its  former  volume  when  the  pressure  is 
removed. 

The  cardiac  muscles  in  a  healthy  condition  are,  like  the  skeletal 
rauflcles,  very  elastic.  Their  elasticity  is,  however,  soon  interfered 
with  by  imperfect  nutrition;  and  a  "contraction  remainder" 
(p.  86),  under  certain  circumstances,  is  readily  developed. 

Under  the  influences  nf  certain  poisons,  veratrin,  digitalin, 
etc..  the  length  (»f  the  beat  i.s  enormously  prolonged,  nn<I  the  ven- 
tricle is  eventually  thrown  into  a  renmrkable  contracted  condi- 
tion, the  exact  nature  of  which  is  perhaps  not  thoroughly  under- 
stood, though  it  is  believed  by  many  to  be  due  to  u  deficiency  of 
elastic  reaction. 

One  great  feature  of  the  cardiac  beat  producefl  by  artificial 
Btiroulation  is  the  absence  of  that  relationship  between  the 
strength  of  the  stimulus  employed  and  the  amount  of  contraction 
evoked  which  is  so  striking  in  a  skeletal  muscle  (p.  llfi).  The 
beat  with  whicli  a  heiirt  reypond.-)  to  a  htinuilu^ — f.  »;.,  a  s-ingle 
induction -fhoc'k — is.  if  there  be  any  response  at  all,  equally  large 
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when  a  feeble  as  vrhen  a  strong  stimulus  is  used,  though  the 
ilnengtli  of  the  beat  evoketJ  either  byastroug  or  a  weak  stimulus 
may  vary  cMnsivltTably  within  even  a  very  short  peri<Ml  of  time. 

When  a  secoml  induction-shrKrk  u  «et)t  in  at  a  certain  interval 
afier  a  fir»t,  the  beat  due  to  ihe  second  t^hock  is  nfitu  iar^^r  than 
the  rtret,  the  benefioial  tff*ect&  of  a  foiitrat'liun  (ste  p.  127  \  being 
even  still  more  manifest  iu  the  bean  than  in  an  ordinary  &keletal 
muiiole.  Frequently  by  successive  shocks  of  e^iual  intensity  a 
**  staircase  "  of  beats  of  suuceasively  increasing  amplitude  may  be 
prtMJuced. 

When  a  second  indnclion-shock  follows  upon  the  6rst  too 
rapidly,  it  is  apparently  with<mt  etlVct ;  no  second  beat  is  pru- 
duL'tM).  80  also  when  a  series  of  rapidly  repeated  induction- 
flhixiks  are  sent  lu,  a  certain  number  of  them  are  thus  *'  iueO'ec- 
tual;"  the  application  of  the  ordinary  interrupted  current  gives 
rise  not  to  11  tetauos  but  to  a  rhythmic  series  of  beats.  The  "re- 
fractory period."  which  is  au  brief  in  the  skeletal  muscle  is  very 
prolonged  in  the  canliac  m'.iscle.  Bo  also  in  a  sp^^ntaneously 
beating  heart,  ioductiuu-shocks  sent  in  at  a  certain  phase  of  a 
cardiac  cycle — e.  g.,  the  ct>mmenceinent  of  the  systole,  are  ineffec- 
tual, though  they  produce  forced  beats  when  sent  in  at  the  other 
phaaea  of  the  cycle. 

Aj*  we  Hhall  immediately  see.  the  beat  of  the  heart,  and  even 
of  a  part  of  the  heart  Kuch  as  the  ventricle,  is  not  a  mere  muscu- 
lar Contraction  but  a  complex  act,  in  which  \ya\\  nervous  and 
muscular  elements  intervene;  and  it  is  difficult  in  all  cases 
ti^dtflttnguish  the  action  of  the  nuc  frt>m  that  of  the  other.  It  is 
probable,  however,  that  many  of  the  features  which  we  have  just 
described  are  due  to  peculiarities  of  the  curdiac  muscle. 


KervouB  Mechanism  of  the  Beat. — The  heart  of  a  mammal  or 
of  a  warni-i>looded  animal  ceases  to  beat  almost  imme<liately  afler 
being  removed  from  the  IxMJy  in  the  ordinary  way;  and  though 
by  si^ecial  prerautions  and  by  means  of  an  artificial  circulation 
of  blood,  an  isolated  mammalian  heart  may  be  preserved  in  a  pul- 
sating coiiditi'in  for  a  considernblo  time,  our  knowledge  of  the 
exact  nature  and  of  the  causes  nf  the  cardiac  bent  is  ns  yet  almost 
entirely  ba.«ed  on  the  slurly  of  the  hearts  ttfcold-l»loode<l  nnititaU. 
whtth  will  (''■nfiijuo  [u  l>iiit  Tji-  h- ■iir-'.  or  under  favorable  circum- 
stances ev«  '»  nmoved  frftm  the 
Xv^Ak'  «IiI.  is^m  lo  think  that  the 
nil  >n»  viiri.-*  in  some  of 
i(- 
h. 

ZY  .-      ■•     -^  betti,boih  from  each 

o{i  uiamma\ ;  but  w«  may,  m  first 


•i  anininl?:   ibal  the 
i-v  und  the  frog, differ 
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at  all  events,  take  the  heart  of  the  frog  oa  illuslratiug  the  amin 
aufl  important  truths  conccrniog  the  causes  and  niechanisin  of 
the  beat. 

The  heart  of  the  frog,  as  we  have  just  saitl,  will  oontinuc  to 
beat  for  hourdailer  removal  from  the  buHy  ;  and  the  beata  are  in 


[Fui.  77. 
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UlARIU«  Tti  ill!  Itf  r<inKIMITA!iniNi1  Tllll  ArTIDM  of  Tllk  NKIIVICS  VV'%  Tllk  IliART. 

Tfa<'  Tig,ht  tiair  nt|mt<»-  lil»  tlio  <-<Ai[x*  nf  f  Im>  InlilliilurT,  luid  tlii;  Ivfl   Uic  <-oiirm  of  tlti;  iu:r<t|- 

••ratlue  Mcrv'^  iif  tho  liiMtrt ;   tli<-  arnivrp  vliowliig  tlM>  itin^tioii  In   Mliiili  liitiiifsctoiis  an* 

D^rvp  to  ini»uit>:«l  to  rvpMwni  ili«  niitnl  iiu>-l(^tt«  '^  4vtiira>.    Aftvr  *'ari'i:ktkii  I 


■II  iinportaot  resjiecUi  iiJeutienl  with  tiie  heats  executed  by  the 

heart  in  iu  normal  condition  witliiu  the  living  body.     Ilenoo  we 
may  iufer  that  the  beat  of  the  heart  ib  au  automatic  actiou :  the 
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ron»cular  eontraclions  which  constitute  the  beat  are  caused  by 
iinimlees  which  arise  6{>untaneoualy  in  tht*  heart  itself. 

The  beat  goes  on  even  after  the  cavities  have  boon  cleared  of 
bh)od,  and,  indeed,  when  they  are  almost  empty  of  all  fluid.  A 
beat  cannot  therefore  be,  as  was  once  thought,  a  reflex  aot 
excited  by  the  entrance  of  blood  into  the  cavities  of  the  heart. 

Id  the  frog's  heart,  as  in  that  of  the  mammal,  there  is  a 
distinct  secjuence  of  events.  First  comes  the  beat  of  the  sinus 
venosus,  preceded  by  a  more  or  less  |>eristaltic  contraction  of  the 
large  veins  leading  into  ic,  next  follows  the  sharp  beat  of  the  two 
auricles  together,  then  comes  the  longer  beat  of  tlie  ventricle,  and 
lastly  the  boat  of  the  bulbus  arteri<»n8  completes  the  cycle.  If 
the  incisions,  by  which  the  heart  is  removed,  be  made  carefully, 
so  as  not  to  injure  at  all  the  sinus  venosus,  the  beat*  will  con* 
linue  afler  a  very  short  pause,  or  sometimci^  without  any  real 
iuterrupliou,  with  great  vigor  for  a  very  considerable  time.  In 
order  that  the  frog's  heart  may  beat  after  removal  from  the  body 
with  the  nearest  approach  in  rapidity,  regularity,  and  endurance 
to  the  normal  contiition,  the  removal  must  be  carried  out  so  as  to 
leave  the  sinus  venosus  intact. 

When  the  incision  is  carried  through  the  auricles  so  as  to 
leave  the  sinus  ven»«us  behind  in  the  body,  the  result  is  dirfVrent. 
The  sinus  venosus  beats  forcibly  and  regularlv,  having  suflered 
hardly  any  interruption  from  the  operation,  ^he  excised  heart, 
however,  remains,  in  the  majority  of  cases,  for  some  time  motion- 
less. Stimulateci  by  a  prick  or  an  induction-shock,  it  will  give 
one,  two,  or  several  beats,  and  then  come  to  rest.  But  it  wifl  in 
the  majority  of  cases,  the  animal  having  previously  been  in  a 
vigorous  conflili<»n,  recommence  after  a  while  its  spontaneous 
beating,  the  sy^ilole  of  the  ventricle  followin<r  that  of  the  auricles; 
but  the  rhythm  of  beat  will  not  necessarily  be  the  same  as  that 
of  the  sinus  venosus  lell  in  the  body,  and  the  beats  will  not  con- 
tinue to  go  on  for  so  long  a  time  as  will  th<^e  of  a  heart  still 
retaining  the  sinus  venosus. 

When  the  incision  is  carried  through  the  auriculo  ventricular 
groove,  so  ns  to  leave  the  auricles  and  sinus  venosus  within  the 
body,  and  to  is«ilatr  the  ventricle  only,  the  results  are  similar  but 
more  marked.  The  sinus  and  auricles  beat  regularly  ami  vigor- 
ously, with  their  proper  sequence,  but  the  ventricle  generally  re- 
mains for  a  long  time  quiescent.  When  stimulated,  however, 
the  ventricle  will  give  one,  two,  orseveral  beats,  and  after  a  while, 
in  many  cases  at  least,  will  eventually  set  up  a  spontaneous  pul- 
ition  with  an  independent  rhythm;  and  this  may  lust  for  some 

kusiderable  time,  but  the  beats  are  not  so  regular  and  will  not 
'^  on  for  so  long  a  time  m  will  those  of  a  ventricle  to  which  the 
Auricles  are  still  attached. 
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If  A  transverse  incisiou  be  cftrrictl  through  llie  ventricle  at 
about  its  upper  third,  leaving  the  base  of  the  ventricle  still 
attached  t»  the  auricles,  the  portion  of  the  he4irt  left  in  the  body 
uill  go  on  pulsating  regularly,  with  the  ordinary  sequence  of 
RinuB,  fturiclea,  ventricle,  but  the  isolated  lower  two-thirds  of  the 
ventricle  will  not  heat  spontaneously  at  all,  however  long  it  l>e 
watched.  Moreover,  in  response  lo  u  single  t-tirnulus  such  as  an 
induction-shock  or  a  gentle  prick  it  gives,  not  as  in  the  case  of 
the  entire  ventricle  or  of  the  ventricle  to  which  tiie  auricles  are 
attached,  a  series  of  beats,  but  a  single  beat. 

Lastly,  to  complete  the  story  we  may  add,  that  when  the 
heart  is  bisected  longitudinally,  cacli  half  continues  to  beat  spon- 
taneously, with  an  independent  rhythm,  so  that  (he  beats  of  the 
two  halves  are  not  necessarily  synclironous,  and  this  continuance 
of  spontaneous  puUntions  after  longitudinal  bisection  may  be 
seen  in  the  c<'njoined  auricles  and  ventricle,  or  in  the  isolated 
auricles,  or  in  the  isolated  but  entire  ventricle.  Moreover,  the 
auricles  may  l>e  divided  in  many  yfuys  and  yet  many  of  the  seg- 
ments will  continue  beating;  suiall  pieces  even  may  be  seen 
under  the  micro8co{>e  pulsating,  feebly  it  is  true,  but  distinctly 
and  rhythmically. 

The  variouB  parts  of  the  frog's  heart  thus  form,  as  regards 
the  power  of  spontaneous  pulsation,  a  descending  series— sinus 
venosus,  auricles,  entire  ventricle,  lower  portions  of  ventricle, 
the  last  exhibiting  under  ordinary  circumstances  no  spootaneoua 
pulsations  at  all. 

Nttw,  ganglia,  containing  nerve-cells,  are  found  in  great  abund- 
ance in  the  sinus  venoaus,  are  seen  in  various  parts  of  the  auri- 
cles, and  occur  as  the  so-called  Bidder's  ganglia  at  the  junction 
of  the  auricles  and  ventricle,  whence  they  also  spread  into  the 
upper  part  of  the  ventricle;  in  the  lower  two-thirds  of  the  ven- 
tricle they  are  entirely  wantiug.  It  is  natural  to  infer  from  this 
that  the  ganglia  are  iii  some  way  the  agents  of  the  spontaneous 
pulsfltitm. 

The  uncertainty,  and  in  most  cases  temporary  character  of  the 
pulsations,  occurritig  with  seeming  spontaneity,  in  the  auricles  or 
ventricle  sepaniied  from  the  sinua  venosus,  have  led  many  to  the 
opinion  that  these  are  not  really  spontaneous,  but  of  the  nature 
of  reflex  actp,  induced  by  Home  obs-curely  acting  stimuli,  and 
that  really  spontaneous  pulsations  proceed  only  from  the  sinus 
venosus.  And  a  view  has  been  generally  adopted  which  teaches 
that  the  spimtaneous  beats  of  the  frog's  heart  arc  due  to  rhythmic 
nervous  impulses  started  in  the  ganglia  of  the  sinus  venosus  and 
spreading  thence  to  other  parts,  the  ganglia  of  the  auricles  and 
of  the  auriculoventricular  groove  acting  in  subordination  lo 
those  of  the  sinus,  or  behaving  under  certain  circumstances  in- 
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^WTfW<nnnmrogTventricIeiiu(l  secured  by  a  1: 
riitimi  llie  venlricU*  wjiue  little  dislant'e  below  the 
pari  of  the  ventricle  remains  moliunless  and  free  fi 
111  the  same  way  as  wbeii  it  Las  beeu  removed 
If.  however,  ihc  cavity   be  rej^ilarly  supplied  \ 
diluted   bliuxj   I  that  of  the   rabbit  beiug   prnctic 
useful),  after  a  longer  or  shorter  time,  this  porti* 
tricle  begius  to  puUale  with  a  more  or  less  regulai 
will   contiuuc  tbe^e  apparent  Epontaueous   beats 
[indeHnite  time.     It  is  uAual  to  explain  these  pul 
I  may  be  wituet^d  even  when  only  the  extreme  tip 
iCle  IS  tied  on   to  the  cuuula.  as  not  really  Fnon 
texcitei]  by  the  serum  or  dilute  blot.Nl,  supplied  uu 
^actin^  as  a  stimulus;  »uch  an  explanation  is,  ho 
saiisfuotory.     Then  again,  though  it  is  quite  true  t 
I  of  an  isolated  frug^a  ventricle  are  uncertain  and  t 
much  so  as  perhaps  to  justify  the  view  that  they  oi 
spontaneous,  the  is<^laled  ventricle  of  the  tortoise  be) 
regularity  and  for  so  long  a  time,  that  it  seems  alma 
to  avoid  the  conclusion   that  in  this  animal,  at  al 
ventricle  by  itself  possesses  a  real  f»f)wer  of  sponta 
tion.     Mi>reover,  even  in  the  frog,  section  at  varic 
the  nerves  with  which  the  ganglia  are  connected,  ma 
md  indeed   Iliddcr's  ganglia  carefully  extirpated, 
latural  sucpienoe  of  beat  of  the  several   parts   bei 
\n(l  cjiret'ul  investigation  has  disclosed  many  othei 
ve  cannot  discuss  here,  hut  which  go  far  to  show  1 
ration  of  the  beat  of  the  heart  is  a  very  complex  m 
Vhlle  we  must  admit  that  the  ganglia  of  the  sinui 
l»e  frog,  or  what  c.orrea|M>uds_to_thes^i^)jJjy^^^ 
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ir  while  the  beats  of  the  heart  <if  a  fnig  are  heiiig  care- 
fully registereil  (Fig.  T-H)  »n  interrupteti  current  of  nun lerate 
strength  he  sent  thnuigh  one  of  the  vupi.  the  heart  is  seen  in  sinf» 
healing.  It  reinaius  fnr  a  time  in  4liiii)ti>le,  jjert'eclly  nioi)onlt«s 
ainl  tlaecit].  IT  the  *luntlioii  nf  tlie  current  be  bliort  and  the 
strength  i>f  tlie  current  great,  the  Ktainirtiill  may  continue  aitt*r 
thu  current  U&a  beeu  shut  olF;  the  heats  wlien  they  renp|}ear  are 
generally  at  firet  i'eehle  and  infrcfiueiit.  hut  soon  reach  or  even 
pn  heyc»ml  their  previous  vigor  and  frefjuency.  A  wholly  similar 
inhihiLiou  amy  be  seeu  iu  the  mammal,  and,  indec<l,  in  uian. 
Czermak,  by  pressing  his  vagud  against  a  stnall  osseous  tumor  iu 
his  neck,  and  thus  niechuuiciilly  stimuhiliiig  (he  nerve,  was  able 
to  stop  at  will  the  heating  of  W\>  own  heart;  it  need  hardly  he 
added  that  such  an  ex})eriinenl  is  a  ilangerous  one. 

The  effect  is  nut  produced  instantanoonsiy ;  if  on  the  curve 
the  point  be  exactly  marked  a^  at  u  i  Fig.  76).  when  the  current 
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iRnunrioH  of  fnoo**  IIkxwt  »t  SruiruTt'JV  or  xn%  Tkat**. 
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is  thrown  in  it  will  frequently  be  fi^und  that  one  beat  at  least 
occurs  ai\er  the  current  has  passed  into  the  nerve.  In  other 
words,  the  inhibitory  action  of  the  vagus  has  a  long  latent  period ; 
this  has  been  estimated  by  Douders  to  last  iu  the  rabbit  0.16  sec- 
ond. The  inhihin)ry  etiect  is  at  a  maximum  soon  after  the  mo- 
ment of  application  of  the  current,  and  diminishes  gradually 
uuwurd  ;  so  much  so  in  this  case,  that  w  liun  the  current  is  applied 
for  more  than  a  very  short  time,  the  heart  recommences  beating 
before  the  current  is  removed. 

It  is  obvious  that  the  normal  beat  of  the  heart  may  he  inter- 
fered with  in  two  distinct  ways;  on  the  one  hand,  the  systole  of 
the  auricles  and  ventricle  (or  of  either)  nmy  he  diminislied  in 
vigor;  on  the  other  hand,  the  diastole  or  passive  interval  may  be 
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prolonged.  The  vagus  is  able  to  act  upon  the  heart  in  both 
these  direction?;  and  sometinies  tlie  one,  sometimes  the  other 
effect,  is  most  prominent.  Thus  at  times,  as  in  the  instance  shown 
in  Fig.  78.  the  most  conspicuous  result  is  the  total  suppression 
for  some  time  of  all  visible  contractions  of  the  ventricle;  and  the 
beata,  when  they  appear  again,  are  separated  by  diastolic  inter- 
vals not  much  larger  than  the  normal.  At  other  times,  6limu)a- 
tioQ  of  the  vagus  does  not  cause  any  disappearance  of  the  beats, 
but  ihe  intervals  between  the  beats  are  much  prolonged,  so  that 
the  rhythm  is  for  a  while  very  slow.  It  is  pfissible  that  these 
two  dilferent  eflects  are  brought  about  by  more  or  leas  distinct 
mechanisms. 

We  said  just  now  that,  after  the  stimulation  of  the  vagus  has 
ceased,  the  beata  may  go  beyond  their  previous  vigor  and  fre- 
quency. This  is  sometimes  remarkably  the  case.  We  might  be 
tempted  to  speak  of  it  as  a  reaction,  were  it  not  that  no  nereaaary 
relation  obtains  between  the  amount  of  slowing  or  weakening 
and  the  amount  of  succeeding  acceleration  or  augmentutioo. 
Indeed,  the  latter  effect  may  make  its  appearance  without  any 
previous  inhibition — that  is  to  say.  under  certain  circumstances, 
stimulation  of  the  vagns  may  produce,  not  inhibition,  but  either 
augmentation  of  the  beats,  or  quickening  of  the  rhythm,  or  both. 

During  the  standstill,  direct  stimulation  of  the  heart,  as  by 
touching  the  auricle  or  ventricle,  will  produce  a  single  beat; 
though  spontaneous  pulsations  are  absent,  the  mechanism  fur  the 
production  of  a  beat  is  capable  of  being  put  into  action. 

The  stimulus  need  not  be  an  interrupte<l  current;  mechanical 
and  chrniicul  stimulation  of  the  vagus  also  profluces  inhibition, 
though  less  readily. 

The  stimulus  may  be  applied  at  any  part  of  the  course  of 
either  vagus  <  though  it  frequently  happens  in  some  animals,  as 
in  the  frog,  that  one  vagus  is  more  eflicient  tlmn  the  other);  but 
perhaps  tlie  most  marked  etTects  are  produced  when  the  electrodes 
are  placed  on  the  boundary-line  between  the  sinus  ventiisus  and 
the  auricles. 

The  eflVcts  of  various  poisons  in  reference  to  this  inhibitory 
action  are  \i:ry  interesting.  After  atropin,  even  in  a  minute 
do!*c.  has  been  inji'cted  into  the  blfKxl,  stimulation  of  the  vagus, 
even  with  the  miwl  powerful  currents,  pnMlucesuo  inhibition  what* 
ever.  The  heart  continues  to  beat  as  if  nothing  wen^  hap[>ening; 
atropin,  in  some  way  or  other,  docs  away  with  the  normal  inhibi- 
tory action  of  the  vagus. 

In  slight  urari  poisoning,  the  inhibitwry  action  of  the  vagus  is 
still  present;  in  the  profoundir  stages  it  dieappenrs;  but  even 
then  inhibition  may  be  obtJiined  by  applying  tlie  electrodes  to 
tho  pinus.     In  order  t<t  explain  this  result,  it  has  been  supposed 
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timt  what  u*c  may  call  the  iuliibitory  tilires  of  the  vagua  termi- 
imle  ill  an  iiihibilury  niechaoUin  <  probably  ^^tio^lionic  iu  nature), 
seated  iu  the  heart  it^elt',  uii<l  that  the  ururi,  while  in  htr;_'^e  vUmva 
it  may  paralyze  the  terniiual  fibres  oi'  ihe  vagus,  leaves  this 
iuhibitnry  meclmuigin  intact  uiid  capable  vt'  heiug  tlirowti  into 
activity  by  astiniulLisaiipiicU  tlirecily  to  (he  sinus.  After  ntropin 
has  been  given,  inhibition  cannot  be  brought  iib<»ut  by  stimula- 
tion fither  of  the  vagus  fibres  or  of  the  sinut*.  or.  imleeil.  of  any 
part  of  the  iieart.  Hence  it  \b  inferred  that  atropin.  unlike 
urari.  paralyzeti  this  inlriusie  iubibitury  meehanism  itself. 

After  the  applieatiun  of  muscarin^  or  piloearpio,  the  heart 
etO[)s  beatiug,  and  remains  iu  diastole  in  ))erfeet  :itaudi^till.  Ifa 
Bppimranee  is  then  exaetly  that  of  a  heart  inhibite<]  by  profound 
and  lasting  vagus  stimulation.  This  etfect  is  not  hindered  l>y 
urari.  The  applieuliou,  however,  ai'  a  snuiU  dose  of  atropin  at 
once  restores  the  beat.  These  facts  are  interpreted  as  meaning 
that  muscarin  (or  pilocarpin)  stimulates  orexeites  the  inhibitory 
apparatus  e|>okeD  of  above,  which  atropin  paralyzes  or  places 
kor4  de  comhai. 

There  are  many  other  effecta  of  various  poisons  which  have 
been  appealed  to  as  throwing  light  on  the  action  of  the  heart; 
but  We  muf-t  not  enter  into  the  discussion  of  these  here.  We  may, 
however,  in  this  connection  call  attention  to  a  reimirkuble  ex- 
periment known  as  that  of  Stannius.  If  a  ligature  be  drawn 
tightly  round  the  junction  of  the  sinus  venosus  witli  the  auricles, 
or  if  tlie  auricles  be  separated  from  Die  sinus  by  an  iucision  car- 
ried along  the  boundary-line  between  them,  a  standstill  is  produced 
cloaely  resembling  a  very  prolonged  vagus  inhibition.  (Quiescence 
thus  induced,  may  last  a  very  considerable  time.  Duriug  the 
staudatilt.a  puliation  may  l>e  induced  by  a  stimulus  ap[died 
directly  to  the  lieiirt,  a  whole  series  of  beats  being  evoked  when 
a  mechanical  stimuluH,  8uch  a;4  the  prick  of  a  needle,  is  applied 
over  the  seat  tif  bidder's  ganglia  at  the  junction  of  the  auricles 
with  the  ventricles,  or  lo  the  ganglia  in  the  auricles,  or  to  those 
in  the  bulbus;  and  when  the  ventricle  is  separated  by  au  incijiiion 
from  the  auricles,  the  former  will  recommence  beating,  while  the 
latter  remain  as  {piiesceut  as  before.  The  condition  of  the  heart 
ID  this  experiment  so  closely  resembles  the  standstill  produced 
by  vagus  stimulation,  that  the  elti^ct  might  be  snppt)sed  to  be 
caused  by  the  ligature  (or  section)  stimulating  the  vagus  fibres 
or  the  inhibitory  mechanism  at  the  sinus ;  hut  this  view  is  clearly 
disproved  by  the  fact  that  the  experiment  succeeds  perfectly  well 
atler  atropin  lias  been  given.  Another  explanation  attributes 
the  standstill  to  the  seeiioa  depriving  tlie  heart  of  the  prepotent 

1  Tti«  iioieummB  etTecU  of  uinny  muibrooms  are  probably  in  lftrg«  ineuur«  Jus 
to  %  nmilar  acUud  od  the  butrt. 
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ganglia  in  the  stDue,  and  the  recommencement  of  pulsation  in  the 
ventricle  after  separation  by  incision  «>r  ligature  from  the  auricles 
to  the  incision  or  ligature  acting  as  a  siiiuulus  to  the  ventricle 
but  not  to  the  auricle.  The  experiment,  in  fact,  is  brought  for- 
ward in  supjiort  ni'  the  views  enunciated  on  p.  22(5.  But  these, 
■awe  have  said,  are  not  Batisfactury,  and  an  adequate  interpreta- 
tion of  the  experiment  has  yet  to  be  supplied.  Indeed,  did  it 
seem  pntHtable,  we  might  relate  many  other  puzzling  re>ultB 
which  have  been  obtained  in  experimenting  on  the  heart.  We 
have  already  warned  the  reader  that  the  problem  of  the  causes 
of  the  normal  spontaneous  beat  U  as  yet  far  from  being  solved, 
and  until  we  get  clearer  views  as  tn  that  main  event  we  cannot 
ex[>ect  to  undcrstnad  exue.tJy  how  inhibition  U  brought  about. 
The  conception  of  an  inhibitory  niechaniaiu,  in  which  certain  of 
the  fibres  i>f  the  vagus  end,  must  be  reganled  as  a  temporary 
hypothe?(is,  useful  only  until  we  gain  further  light;  and  we  have 
ventured  to  dwell  on  so  obscure  a  topic  at  uo  great  a  leugth  only 
because  inhibition  of  the  heart  through  the  vagus  is  not  only  a 
factor  of  immeuHC  importance  in  the  general  operatiniig  of  the 
economy,  and  plays  s<»  proniiucut  a  part  in  the  action  of  many 
drugs,  but  because  it  is  a  type  of  other  inhibitory  processes  in 
the  nervous  system  and  elsewhere,  which,  perhaps  even  more 
than  itself,  contribute  to  render  the  working  of  the  complicated 
machiue  of  the  auinml  body,  at  once  both  uniform  wheu  regu- 
larity is  required,  and  delicately  responsive  when  variety  is 
needed. 


Reflex  Inhibition. — For  it  must  not  be  thought  that  cardiao 
inhibiiiou  i)y  muun.s  of  the  vagus  nerve  is  a  mere  experiment  uf 
the  laboratory;  we  have  reason  to  think  that  it  is  an  incident 
continually  recurring  in  daily  life.  For  we  have  evidence  that 
the  inhibitory  action  of  the  vagua  may  be  brought  about  by 
reHex  action.  IF  the  abdomen  of  a  frog  be  laid  bare,  and  the 
intestine  be  struck  sharply,  as  with  the  handle  of  a  scalpel,  the 
heart  will  stand  still  in  diastole  with  all  the  phenomena  of  vagus 
inhibition.  If  the  u€nn  mesenlerici  or  the  connections  of  these 
nerves  with  the  symjmthetic  chain  be  stimulated  with  the  inter- 
rupted current,  caraiac  inhibition  is  similarly  produced.  If  in 
these  two  experiments  both  vagi  are  divided,  or  the  medulla 
oblongata  destroyed,  inhibition  is  not  produced,  however  much 
either  the  intestine  or  the  mesenteric  nerves  be  stimulated.  This 
shows  that  the  plienouiena  are  caused  by  impulses  ascending 
along  the  mesenteric  nerves  to  the  medulla,  and  so  affecting  a 
portion  of  that  organ  as  to  give  rise  by  retlex  action  to  impulses 
which  descend  the  vagi  ns  inhibitory  impulses.  The  portion  of 
the  medulla  thus  mediating   between  the  aflereut  and  elTerent 
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impulfleH  may  be  epoken  of  aa  the  cardio-inhibihry  centre.  Reflex 
iohibition  llimugh  one  vagus  may  be  brought  about  by  elimulft- 
tion  iif  the  central  end  of  the  other. 

li'  the  peritoneal  surface  of  the  intestine  be  inflamed,  very 
gentle  stiniulutiou  of  the  inllanied  surface  will  produce  ninrked 
inhibitioD;  and  in  general  the  alimeutary  tract  seems  in  closer 
connection  with  the  cardiit-inhibitory  centre  than  other  parts  of 
the  body;  the  injurious — sometimes  fatal — effects  of  a  violent 
blow  on  the  stomach  arc  known  to  all.  But  apparently  stimuli, 
if  sufficiently  powerful,  will,  thri)ugh  reflex  action,  produce  in- 
hibition from  whatever  be  the  part  of  the  bttdy  to  which  they  are 
applied.  Thus,  crushing  u  frog's  foot  will  stop  the  heart.  In 
ourselves,  the  fainting  from  emotion,  or  from  severe  pain,  is  the 
result  of  a  reflex  inhibition  of  the  heart,  the  afferent  impulses  in 
the  one  case  at  least,  and  probably  in  both  cases,  reaching  the 
medulla  from  the  brain.  Jn  succeeding  pages  we  shall  have 
occasion  miire  than  once  in  discust^ing  the  effects  of  stimulating 
a  given  nerve,  to  consider  huw  far  thtise  ett'ecls  are  due  to  a 
reflex  inhihiiiou  of  the  heart;  and  probably  there  art  few  eventa 
taking  place  in  the  body  which  have  not  a  tendency  thus  to 
affect  the  central  vascular  pump,  though  it  manv  cases  the  leu- 
dency  is  counteracted  hy  interfering  agencies.  Rut  we  must  he 
careful  to  avoid  falling  into  the  error  of  supposing  that  every 
arrest,  or  slowing  or  weakening  of  the  heart,  is  due  to  impuisea 
descending  the  vagus  fibres,  in  many  iastanees  cardiac  trou- 
bles are  due  to  events  originating  in  the  heart  itself,  so  far 
independent  of  the  inhibitory  processes  which  we  are  studying 
now,  that  they  are  in  wi  way  whatever  counteracted  by  atropin. 

Direct  atiniLilation  of  the  rardiu  inhibitory  centre  itself,  such 
as  occurs  during  the  destruction  of  or  results  from  injury  to  the 
medulla,  alt^o  produces  inhibition. 

And  the  question  naturally  arises,  Has  this  cardio-inhibitory 
centre  any  constant  automatic  action? 

In  the  dog,  and  alswj,  though  to  a  far  leys  extent,  in  the  rabbit, 
section  of  both  vagi  is  followed  by  a  quickening  of  the  heart's 
beat.  This  result  may  be  interpreted  a.n  showing  that  the  centre 
in  the  medulla  exercises  a  permanent  restraining  influence  on  the 
heart;  that  organ  in  fact  being  habitually  curbed.  The  argu- 
ment that  the  effects  of  an  artificial  stimulation  of  the  vagus 
soon  wear  off*,  aud  that,  therefore,  a  permanent  sti[tiu]atii>n  of  the 
vagi,  leading  to  permanent  inhibitory  action,  would  be  impossible, 
may  be  met  by  the  reflection  that  a  natural  stimulation  is, 
possibly,  not  wholly  identiciil  with  artiticial  stimulation,  and  its 
effects  need  not  necessurily  wear  off'. 

We  need  not  now  stay  to  discuss  the  question  whether  this 

itral  action  is  really  auUmiatic — i.e.,  kept  up  by  molecular  pro- 
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originating  in  certain  nerve  cellfl^  or  reflex,  tbat  is,  main- 
tained by  nervous  impuleca  reaching  it  ai*>ng  certain  or  various 
att'erent  nerves.  (Tranting,  however,  the  existence  of  a  centre  in 
the  inedulla,  wliioh  either  automutie^illy  or  otherwise  is  in  per- 
manent action,  it  is  obviously  oj>eu  to  us  to  speak  of  reflex 
iuhiUitioQ  as  being  brought  about  by  iuHuences  which  augment 
the  action  of  that  centre,  liut  we  have  seen  that  active  nervous 
centres  are  subject,  not  only  to  augmentative,  but  also  to  inhibi- 
tory influences.  Hence  the  cardio-inhibitory  centre  might  itself 
be  inhibited  by  imi>uUc8  reaching  it  i'mm  various  quarters.  In 
other  words,  the  beat  ol  tlie  heart  might  be  quickened  by  a  les- 
sening of  the  normal  action  uf  the  inhibitory  centre  in  the 
medulla.  It  is  in  tact  probable,  that  many  cases  of  quickening 
of  the  heart's  beat  are  produced  iu  this  way;  tliougti  the  matter 
requires  further  investigation. 

Accelerator  Nerves. — The  heart's  beat  may  in  the  mammal  be 
quickened,  even  after  division  of  bulh  vagi,  by  direct  stimulation 
of  the  cervical  spinal  cord.  The  tHects  [>rod need,  however,  are 
very  complex,  and  led,  mi  their  first  being  made  known,  to  much 
discussion,  one  outcome  «jf  which  was  the  discovery  of  certain 
nerves  of  a  very  peculinr  character,  which  pass  fronj  the  cervical 
spinal  cord,  frequently  along  the  nerve  accompanying  the  verte- 
bral artery,  and  reach  the  liei^rt  through  the  last  cervical  and 
first  thoracic  ganglia;  these  have  been  called  the  "accelerator 
nerves.'*  Their  course  is  different  in  the  rab'oit  and  in  the  dog, 
see  Figs,  79  au<l  80,  and  itideetl  varies  even  in  the  same  kind  of 
animal.  Stimulation  of  these  nerves  with  the  interrupted  current 
causes  a  quickening  oi'  the  heart's  beat,  in  which  what  is  gaine<i 
in  rate  is  lost  iu  force,  ii^r  the  bUxHl-pressure  is  not  necessarily 
increased,  but  may  remain  the  same,  or  even  be  dinunished; 
apparently  not  only  is  the  diastole  diminished  but  the  systole  is 
actually  shortened.  Our  knowledge  of  these  "accelerator" 
nerves  is,  however,  too  imperfect  to  be  dwelt  upon  here. 

Other  Modifying  Agents.— The  beat  of  the  heart  may  also  be 
modified  by  iiitlueuces  bearing  directly  on  the  nutrition  of  the 
hearL  The  tissues  of  the  lieart,  like  all  other  liasues,  nted  an 
adequate  supply  of  bbjod  of  a  proper  quality ;  if  the  blo^wl  vary 
in  quality  or  quantity  the  beat  of  the  heart  is  corresptmdingly 
affected.  The  excised  frog's  heart,  as  we  have  seen,  continues,  to 
beat  for  some  considerable  time,  though  apparently  empty  of 
blood.  After  a  while,  however,  the  beats  diniiniF>h  and  disap- 
pear, and  their  disa|)|>earance  is  greatly  hastened  by  washing 
out  the  heart  with  a  normal  saline  solution,  which  when  allowed 
to  How  through  the  cavities  of  the  heart  readily  permeates  the 
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ttnaes  on  account  of  the  peculiar  construction  of  the  ventricular 
walls.  If  such  a  **  washetl  nut"  quiescent  heart  be  fr*I  in  the 
manner  described  at  p.  224,  wilh  diluted  blood  (of  the  rabbit, 
sheei),  etc.)  it  may  be  restored  to  Cunctioiial  urtivity..  A  similar 
but  less  complete  rest^'ratiou  may  be  witnessed  if  serum  be  used 
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■kk  of  the  oiB(**'*"^<'>  I*  n-*II\  ft  bmiifb  of  thi>  vngn*.  frxttn  wbirh  It  Ni<|-MnU<«  biubf^  ii|t 
Thlv  U  Juintxt  ill  ite  cmimr  liy  »  (jrein-li  Ttirui  (iiv  luw^r  <i'rrlail  k^dkH^im,  i1i"K'  Ifiiiic  n  Mit«]) 
guiglbm  lU  tli<'ir  Juiiclluu,  fruni  wbUh  |inji-i>«d  ii<<rvv*  lu  form  m  |il<-xus  i>rt*r  thr  atrb  uf  Ibo 
Mcte.  It  In  titUbrttfk-h  fniifn  lilt?  lowrr  a-nl<«l  k>H(i(H»q  whu  h  p>i«eM«-4M>i^l^mi>'r))rn|«r' 
V  ili*<  c*HUM  of  Uif  atxtwlvmli/r  fltrrw  l»  litdloit'i]  In  ilic  tgurv  !■>  iliir  pim>w« 


instead  of  blood,  and  a  heart  fed  regularly  with  fresh  aupplice 
of  bhKid  or  even  of  serutn.  may  he  kept  heatint^  for  a  very 
great  lenjrlh  of  lime.  In  treating  of  tlio  skeletal  muBcles,  we 
SAW  that  in  their  case  the  exhaustion  following  upon  withdravai 
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of  the  blond-stream  might  be  attributed  either  to  an  iDadequate 
supply  of  new  nutritive  uiuterinl  and  oxygen,  or  to  bu  accumu- 
lation in  the  muscular  substance  of  ihe  pmducts  of  muscular 
iiietalxili^m,  or  Co  both  causes  combined.  And  the  ^unie  con- 
sideratioua  "hold  good  for  the  nervous  and  muscular  structures  of 

Kro.  80. 
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T«lt  LjWT  CfRVKJO,   ASf  FlBFT   Tll'»«-«<-tr  G«VOU.«    IS   Tiir   I)o«j. 
Tbii  tmntJju^  ucrvm  i>f  IIim  iIoce-     TIki   flKur*'  w  liirg<>Iy   (Ik^TftinnuiUc,   aikI   tvprvm 

r.  tgm.  Ilio  ttiiU«"l  t»itii*  aii'l  tHTvinil  •uuimltH-ttr  tMinn.  fft.  rvrv  i  tht  infpnor 
KSIitcUim.  n.  r.  Il«r  roiitlnunlloii  t<(  ihf  iruiik  uf  ihr  mtotf  ••«••-  I'-  th'*  IWi'  l«rworI» 
Ing  th<i  »himltM  Mf  VI"ii«<rH4  mtind  th"  «itl>rlMVljiti  vktwry.  -vrT.  mM  ,  mifl  jnlnlne  (ft.  rJb.  jn  , 
Ul«  nm  Uiumrlc  itr  >l*'llM(r  iCNiiKllixi  (tin-  1>niDi'li  ninnltig  In  riMiit  ut  liir  mrtrry  l«  Lttii«)ilf|-n] 
Ifjr  I4chniliKlHlMTii  ta  \m  au  mikh-UU  i.Iimuim'I  uf  Htxclvnitur  Hbrr*'.  •fim.  flwT.ir,  Uif  ijniiuUicCic 
trunk  lii  tltrihimv.  r  piW  ■''kinmuriirjttinip  tMikii'-lii^x  fmm  iliHr^TTimt  nrrwi  ntnniitg«liins- 
■j^ln  ihi"  vrrmbml  urtt-ry.  Iliv  m«il  *or(<'i«nili«.  «.  r^r.  thr*  rmirrrni  Uryupnil.  ».  «.  ouiJIk 
linilu--h«  fhrm  tho  UiworrMnltitl  pCAiitclloii.  »rtfult.-nil</r  iKtrvt«i>r  S  hiiiii'di')<**r)c.  m.'  ^/ntnllar 
tminrhM  fhirit  th<>  nr^t  Uutmrir  ttnnglUin,  wnloraiur  ncrva*  nl  *'ynn.  ib."  r."  cnntlAr  tniH^b 
fruni  i**urrviit  m-rvr.  r  nw.  hnttnh  fn>m  lo«<»r  •■rrTl<-»l  mMjtlliiii  in  lh»  wriirtviit  iictw, 
tjfUii  c<.itilMiiiluit  arrvU'tslt/r  Qhrra.  , 

the  heart,  though  the  aubjecl  has  not  yet  been  vufHciently  well 
worked  out  to  permit  any  very  definite  statements  to  be  made. 
It  seems  prolmblo,  however,  that  an  important  factor  in  the 
matter  is  the  accumulation  in  (he  muscular  iilires  and  in  the 
BurroundiDg  lymph  of  carbonic  acid,  and  of  the  aubstauces 
which  give  rise  to  the  acid  reaction. 
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When  the  frog's  heart  ie  thus  "fed  "  with  various  sul>stance8 
the  interesting  fnct  is  l>ri>ngl)l  t(i  light  that  tannic eiu)>&tance!S,  snch, 
for  iosinnce,  as  very  ilihite  hiclic  acid,  lend  u*  increased  expau- 
sion,  and  others,  such,  for  inatnoce,  as  very  dilute  solutions  of 
sodium  hydrate,  to  diminished  expansion,  or  to  coutinnod  con- 
traction of  the  quiescent  ventricle.  It  wouhl  appear  that  the 
muscular  fihres  of  the  ventricle  over  and  above  tneir  rhythmic 
contrnctiona  are  capable  of  varying  in  length,  so  that  at  one  time 
they  are  longer,  and  the  ventricle  >vhen  preeeure  is  applied  to  it 
internally  dilates  beyond  the  normal,  while  at  another  time  they 
are  shorter,  and  the  ventricle  with  the  same  internal  pressure  is 
contracted  beyond  the  normal.  Further,  in  the  frog  at  least, 
when  the  pause  between  two  beats  is  lengllienetJ  the  relaxation 
of  the  ventricle  goes  on  inorea.**ing,  so  that  apparenily  the  ven- 
tricle when  l>enling  nornmlly  is  already  sonjewhat  contracted 
when  ft  new  beat  begins.  In  other  words,  the  ventricle  possesses 
what  we  shall  speak  of  in  relerenee  to  arteries  as  tonicity  or 
tonic  contraction,  and  the  amount  of  this  tonic  contraction,  and 
in  consequence  the  capacity  of  the  ventricle,  varies  according  to 
circumstances. 

When  the  frog's  ventricle  is  thus  artificially  fed  witli  ecrum, 
or  even  with  bl(Hid,  the  beats,  whether  spontaneous  or  provoked 
by  stimulation,  are  apt  to  become  intermittent  uud  to  arrani^e 
themselves  into  groups.  This  iuterinittenee  is  possibly  due  to  the 
scrum  or  blood  being  unable  to  carry  on  niurition  in  a  com- 
pletely normal  manner,  and  to  the  coneequent  [)roduction  of 
abnormal  chemical  substances,  and  it  \s  probable  that  cardiac 
inLermittences  seen  during  life  have  oflen  a  similar  causation. 
Various  chemical  sul)stances  in  the  bloo(1,  natural  or  morbid, 
may  thus  aticct  the  heart's  beat  by  acting  on  its  muscular  fibres, 
or  its  nervous  elements  or  both,  and  ihat  probably  in  various 
ways,  mollifying  in  ^iift'erent  tiirectioua  the;  rhythm,  or  the  indi- 
vidual contraclions,  or  both. 

The  physical  or  mechanical  circumstances  of  the  heart  also 
aflect  its  beat ;  of  these,  perhaps,  the  most  important  is  tlie  amount 
of  the  distention  of  its  cavities.  The  contrnettuns  of  cardiac 
muscle,  like  those  of  ordinary  muscle  (see  p.  118),  are  increased 
up  to  a  certain  limit  by  the  resistance  which  they  have  to  over- 
come; a  full  ventricle  will,  other  things  lioiiig  equal,  contract 
more  vigorously  than  one  less  full;  ihough.  as  in  ordinary 
muscle,  the  limit  at  which  resistance  is  beneficial  may  be  passed, 
and  an  overfull  ventricle  will  cease  to  beat  at  all. 

Unrler  normal  conditions,  the  ventricle  i)rol»»bly  empties  itself 
completely  at  each  systole.  Hence,  an  increase  in  the  quantity 
of  blofMi  in  the  ventricle  would  aiicment  the  work  done  in  two 
ways:  the  quantity  thrown   out  would  be  greater,  and  the  in- 
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creased  quantity  would  be  ejected  with  greater  foroe.  Furlht^r, 
since  the  dibteutiun  of  the  veutricle  is  'at  the  eommeocecueDt  tA' 
the  6)'stole,  at  all  ereuts)  depeudeut  on  the  auricular  :<ystole,  the 
work  of  the  ventricle  (and  so  of  the  heart,  as  a  whole)  is  in  « 
measure  governed  by  the  auricle. 

The  Kelation  of  the  Heart's  Beat  to  Blood  pressure. — When 
the  blood  pressure  is  high,  not  only  is  the  resistance  to  the  ven- 
tricular eyatole  increased,  but,  other  things  being  equaU  more 
blood  flowa  (in  the  mamiualian  heart)  through  the  coronary 
artery.  Buth  ihese  events  would  increase  the  activity  of  the 
hearty  and  we  might  ex|>ect  that  the  increa^  would  be  manifeei 
in  the  rate  of  the  rhythm  as  well  as  in  the  force  of  the  individual 
beats.  As  a  matter  of  fact,  however,  we  do  not  find  this.  On 
the  contrary,  as  Marey  has  insisted,  the  relation  of  heart-beat 
to  pressure  may  be  put  almost  in  the  form  of  a  law,  that  "the 
rate  of  the  beat  is  in  iuverse  ratio  to  the  arterial  pressure ;"  a  rise 
of  pressure  being  accompauieiJ  by  a  dimiiiutiou,  and  fall  of  pres- 
sure with  an  iucrease  of  the  pul&e-rate.  This,  however,  only  holds 
goad  if  the  vagi  be  intact.  If  these  be  previ()usly  divided,  then 
ID  whatever  way  the  bl(K>d-pres8ure  be  raised — whether  by  inject- 
ing bl(>o«i  ttr  clamping  the  aorta,  or  increasing  the  peripheral 
resistance.  throu«;b  that  action  of  the  vaso-motor  nerves  which 
we  shall  have  to  describe  directly — or  in  whatever  way  it  be 
lowercl.  no  such  clear  and  decided  inverse  relation  between 
blood-pressure  and  pulse-rate  is  observed.  It  is  inferred,  there- 
fore, that  increased  olood-pressure  causes  a  slowing  of  the  pulse, 
when  the  vagi  are  intact,  because  the  cardio  inhibitory  centre  in 
the  medulla  is  thereby  stimulated,  and  liie  heart  in  consequence 
to  a  certain  extent  inhibited. 


TJis  EffefU  on  the  Cireulaiion  of  Chaftge*  in  the  HearCt  Beat 

Any  variation  in  the  heart's  beat  directly  affects  the  bU>od- 
pre«?ure  unless  some  corapeusattug  influence  be  at  work.  The 
moot  extreme  case  is  that  of  conjpleto  inhibition.  Thus,  if,  while 
a  tracing  of  arterial  pressure  is  being  taken,  the  beat  of  the  heart 
be  suddenly  arrested,  aiime  such  curve  as  that  represented  in 
Fig.  HI  will  be  obtained.  It  will  be  observe(1  that  immediately 
after  the  la^t  beat,  there  is  a  su(Ulen  rapid  fall  of  the  blood- 
pressure.  At  the  pulse  due  to  the  last  syst^^lc,  the  arterial  syaiem 
u  at  its  maximum  of  distention  ;  forthwith  the  elastic  reaction  of 
tl.        ■     ■  '       "  '.  jjjy  blood  fjrwanl  into  the  veins,  and 

tl  1  injected  fmm  the  heart,  the  fall  of  the 

mtruury  w  unbrnkuu.  bt;"  '   u  first,  but  slower  oilerwarde, 

#■  fotfic  of  tl-  .1  walls  is  more  and  more  used 
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up.  With  the  returning  beats,  the  pressure  correspondingly  rises 
in  successive  leaps  until  the  normal  meau  pressure  is  regained. 
The  size  of  these  returning  leaps  of  the  mercury  may  seem  His- 
profwrtionately  large,  but  it  must  be  reraerabered  that  by  tar  the 
greater  part  uf  the  forc^  of  the  first  few  strokes  of  the  heart  is 
expended  in  dii*tendiug  the  arterial  system,  a  small  portion  only 
of  the  blood  winch  is  ejected  iuto  the  arteries  nuMaiug  on  into  the 
veins.  As  the  arterial  pressure  rises,  more  ana  more  blood  |)aaaee 
at  each  beat  through  the  capillaries,  and  the  rise  of  the  pressure 
at  each  beat  becomes  less  and  less,  until  at  last  the  whole  contents 
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of  the  ventricle  pass  at  each  stroke  iuto  the  veins,  and  the  mean 
arterial  pressure  is  established.  To  this  it  may  be  a<lded,  that, 
as  we  have  seen,  the  forct*  of  the  iudividual  beats  may  be  some- 
what greater  after  thiiu  before  inhibition.  Besides,  when  the 
mercury  manomtiter  m  ucied,  the  inertia  of  the  mercury  tends  to 
magnify  the  effects  of  the  initial  beats, 

Complete  arrest  of  the  heart-beats  is  not  necessary  to  produce 
a  fall  of  pressure.  As  is  seen  in  Fig.  83,  mere  slowing  of  the 
beats  will  lower  the  mean  pressure.  And,  speaking  generally, 
we  may  say  that,  if  while  the  force  of  the  individual  beats  remains 
constant  the  frequency  is  increased  or  diminished,  and  vice  versa, 
if  while  the  frequency  remaius  tlic  same  the  furee  is  increased  or 
diminished,  the  result  in  both  cases  is  that  the  pressure  is  pro- 
portionately increased  or  diminished.     This  clearly  must  be  the 
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case;  but  obviously  it  is  quite  |)oeBible  that  the  beats  might, 
white  more  frequent,  so  lose  in  force,  or  while  le»  frequent,  so 
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increas*^  in  for^e,  that  no  Hiflerence  in  the  nirsii  prenare  sboald 
result.     And  this,  indeed,  i«  not  unfrequently  the  cue — ao  maeh 
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An  increase  in  the  quantity  uf  bluod  ejected  at  each  beat  must 
necessarily  augment,  ami  a  decrease  (limininb,  the  blotid-pressure, 
other  things  reniuiniufz;  the  eame.  But  the  quantity  sent  out  at 
each  beat,  on  the  suppositioa  that  the  ventricle  always  emptica 
itself  at  each  eyiitole,  will  depend  on  tht;  quantity  euteriug  into 
the  ventricle  during  each  diastole,  and  that  will  be  determined 
by  the  circunisUnces  not  of  the  heart  itdelf,  but  of  aome  other 
part  or  parts  of  the  body. 


8eo.  5. — Chaxoks  in  tiik  Calibre  of  the  Minote 

Arteries.    Vaso-motok  Actions.  i 

The  middle  coat  of  all  arteries  contains  circularly  disposed 
plain  muscular  fibres.  As  the  arteries  become  smaller,  the  mus- 
cular element  becomes  more  and  more  prominent  as  compared 
with  the  elastic  element,  until,  in  the  minute  arteries,  the  middle 
coat  consists  entirely  of  a  series  of  plain  muscular  fibres  wrapjwd 
round  the  elastic  internal  coat.  Nerve-fibres  belonging  to  the 
sympathetic  system  are  distributed  largely  to  bloodvessels,  hut 
their  terminations  have  not  as  yet  been  clearly  made  out.  By 
galvanic,  or  still  better  by  mechauleal  stimulation,  this  muscular 
coat  may,  in  the  living  artery,  be  made  to  contract.  During 
tbis  contraction,  which  has  the  slow  character  belonging  to  the 
contractions  of  all  plain  muscle,  the  calibre  of  the  vessel  ia 
diminished. 

If  the  web  of  a  frog's  foot  be  examined  under  the  microacope, 
any  individual  small  artery  will  be  found  to  vary  in  calibre, 
being  sometimes  narrowed  and  sometimes  dilated.  During  the 
narrowing,  which  ia  obviously  due  to  a  contraction  of  the  mus- 
cular coat  wf  the  artery,  the  attached  capillary  area  and  the  cor- 
responding veins  bect>mc  lesa  tilled  with  blood,  and  paler.  During 
the  stage  of  dilation,  which  c*>rresi>ond8  to  the  relaxation  of  the 
muscular  coat,  the  same  parts  are  luller  of  blood  and  redder.  It 
is  obvious  that,  the  pressure  at  the  entrance  into  any  given  artery 
remaining  the  same,  more  blood  will  enter  the  artery  when  re- 
laxation takes  place,  and  consequently  the  resistance  offered  by 
the  artery  is  lessened,  and  less  when  contraction  occurs  and  the 
resistance  is  consequently  increased.  The  blood  always  flows  in 
the  direction  of  least  resistance. 

The  small  arteries  frequently  manifest  what  may  be  called 
spontaneous  variations  in  their  calibre,  and  these  variations  are 
very  apt  Uy  take  on  a  distinctly  rhythmical  character.  If  a  small 
artery  in  the  web  of  the  frog  be  carefully  watched,  it  will  be  seen 
from  time  to  time  to  vary  very  considerably  in  width,  without 
any  obvious  change  taking  place  in  the  heart's  beat  or  any  eveutji 
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occurring  in  the  general  vaso-motor  srstem.  .Similar  variations 
may  be  witnetHed  iu  the  vessels  of  the  mesentery  of  a  mammal. 
The  most  striking  and  moat  easily  observed  instance  of  rhythmical 
constriction  and  dilation  is  to  be  found  in  the  median  artery  of 
the  ear  of  the  rabbit.  If  the  ear  be  held  up  before  the  light,  it 
will  be  seen  that  at  one  moment  the  artery  aj)[>ear8  as  a  delicate, 
hardly  visible,  pale  streak,  the  whole  ear  being  at  the  same  time 
palHcf.  After  a  while  the  artery  slowly  widens  out,  becomea 
thick  and  red,  the  whole  ear  blushing,  and  many  small  vessela 
previously  invisible  coming  into  view.  Again,  the  artery  narrows 
and  the  blush  fades  away  ;  and  this  may  be  repeated  at  some- 
what irregular  intervals  several  times  a  minute.  The  extent  and 
regularity  of  the  rhythm  are  usually  markedly  increased  if  the 
rabbit  he  held  up  by  the  ean  for  a  ehort  lime  previous  to  the 
observation.  Similar  rhythmic  variations  in  the  calibre  of  the 
arteries  have  Ijeen  observed  in  several  plact*8 — at.  (/r.,  in  the 
aapbcna  artery  of  the  rabbit,  in  the  axillary  artery  of  the  tortoise, 
and  in  the  email  arteries  of  the  muscles  of  the  frog;  probably 
they  are  widely  spread.  They  may  he  compared  with  tho  rhythmic 
movements  of  the  veins  in  the  bat*s  wing,  and  of  the  caudal  vein 
of  the  eel. 

The  extent  and  intensity  of  the  constriction  or  dilation  which 
may  be  olwerved  in  tlio  fn)g'e  web  are  found  to  vary  very  largely. 
Irregular  variations  of  slight  extent  occur  even  when  the  animal 
is  apparently  subjected  to  no  disturbing  causes;  while  aa  the 
result  of  experimental  interference  the  arteries  may  heconae 
either  constricted — in  some  cases  almost  to  obliteration — or 
dilated  until  they  acouire  double  or  more  than  double  their 
normal  diameter.  This  constriction  or  dilation  may  be  brought 
about  not  only  by  treatmeut  applied  directly  to  the  web,  but 
also  by  changes  affecting  the  nerve  of  the  leg.  Thus,  section  of 
the  sciatic  nerve  is  generally  followed  by  a  dilation  which  may 
be  slight,  or  which  may  be  very  marked,  and  which  is  sometimes 
j»receded  by  a  pHSsing  constriction  ;  while  stimulation  of  the 
peripheral  stump  of  the  divided  nerve  by  an  interrupted  current 
of  mo<lerate  intensity  generally  gives  rise  to  constriction,  often 
BO  great  as  almost  to  obliterate  some  of  the  minute  arteries. 

Tbeae  facta  show  that  the  contractile  elements  of  the  minute 

arteries  of  the  web  of  the  frog*8  foot  are  capable  by  contraction 

or  relaxation  of  causing  constriction  or  dilation  of  the  calibre  of 

"he  arteries;  and  (hat  this  condition  of  constriction  or  dilation 

lay  be  brought  about  through  the  agency  of  nerves. 

—  In  warm-blrioded  animals,  though  we 

ft*  ■    the  circiilnlion  under  the 

u.)  <aof  tlie  intlueuce  of  the 
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nervous  system  ou  the  calibre  of  tbtj  arleriea.  Thus,  iu  the 
mammal,  division  of  the  cervical  sympathetic  on  one  side  of  the 
neck  causes  a  dilation  of  the  minute  arteries  of  the  head  of  the 
satne  side,  shown  by  an  increased  supply  of  blood  to  the  parta. 
If  the  experiment  be  performed  on  a  rabbit,  the  effect  on  the 
circulation  in  tht;  car  is  very  striking.  The  whole  ear  of  the  side 
operated  on  ia  much  redder  than  normal,  ltd  arteries  are  obvi- 
ously dilated,  It^  viuns  unusually  full,  innumerable  minute  vessels 
before  invisible  corne  into  view,  and  the  temfjerature  may  be 
more  than  a  degree  higher  than  on  the  other  side. 

Division  of  the  sciatic  nerve  in  a  mammal  causes  a  similar 
dilation  of  the  small  arteries  of  the  foot  and  leg.  Where  the 
condition  of  the  circulation  can  be  readily  examined,  as,  for  in- 
stance, in  the  hairless  balls  of  the  toes,  especially  when  these  are 
nut  pigmented,  the  vessels  are  seen  to  be  dilated  and  injected ; 
and  a  thermometer  placed  between  the  toes  shows  a  rise  of  tern- 
[>eraturL*  umouuliug,  it  may  be,  to  several  degrees. 

Tbe  quantity  of  bloat]  present  in  the  bloodvosseU  of  the  rnammal  nmy 
someUfne.*4  be  observeU  directly,  but  ha^  fre<tiiont)y  to  be  delennined 
indirectly.  Ttio  tornpemture  of  pas.'^ive  utructurtu^  subjfH^t  to  cooling  in- 
fluences, aiit'h  Hi  the  ?kin,  U  largely  dependent  on  the  supply  of  blood 
the  more  tibundunt  the  8U5>ply,  the  wurnier  the  part.  Llence,  in  theflO 
parts  vnriatioiu  in  the  quantity  of  blood  muy  be  inferred  from  variations 
of  temperature;  but,  in  dealing  with  more  active  (tructurcs,  there  are 
obviously  svurt-es  of  error  iti  the  pfjesibility  uf  the  treatment  adopted, 
•uoh  as  the  ^timulution  of  a  nerve,  giving  rise  to  an  increase  of  tem- 
{•eraturo  duo  lo  increafiod  metaboliam,  independent  of  variations  in  b'ood- 
«upj)ly. 

The  quantity  of  blond  mny  also  be  delermined  by  tbe  plethysmograph. 
In  this  instrument,  a  part  uf  the  body,  eueb  as  the  arm,  is  introduced 
into  a  clubed  chamber  tilled  with  fluid — rx.^r.,  a  large  gluii£  tube,  the 
o|*ening  by  which  the  ann  i*  introduced  being  secured  with  a  stout] 
raiiutchouc  membrane.  An  increase  or  decrease  of  blood  sent  into  the 
arm  will  lead  to  an  increa^ie  or  decrease  of  the  volume  of  the  arm,  and 
this  will  make  it«clf  felt  by  an  increase  or  diminution  of  pressure  in  the 
fluid  of  the  clofte-d  cbamhor.  which  may  bo  registered  and  mea<iured  in 
the  usual  way.  Wo  shall  have  to  Hpeak  again  of  a  modification  of  this 
instrument  when  we  are  dealing  with  the  kidney. 


Division  of  the  brachial  plexus  produces  a  similar  dilation  of 
the  bloodvessels  of  tfie  fr<mt  liiub.  Division  of  the  splanchnic 
nerve  produces  a  dilation  of  the  bloodvessels  of  the  intestines  and 
other  abdominal  viscera.  Division  in  the  mammal  of  the  hypo- 
glossal nerve  on  one  «ide  causes  a  dilation  of  the  vessels  iu  the 
corresponding  half  of  the  tongue.  Division  of  a  nerve  supplying 
a  muscle  causes  a  large  and  sudden  increase  in  the  venous  flow 
from  the  muscle,  indicating  that  the  muscular  arteries  have 
become  dilated ;  and  in  the  frog  this  dilation,  consequeat  oa 

21» 


248 


THE    VASCULAR    MECHAKISM. 


aud  the  supply  of  blood  to  tlie  face,  arms,  and  legs  ia  propor- 
lioimlly  dimiuidhLMt.  It  will  be  observed  that  the  dilation  itf  the 
arteries  ia  not  iutttaiUaneouB  but  somewhat  gradual,  the  pressure 
fiinlciug  not  abruptly  but  with  a  gentle  curve. 

Arterial  tone,  llien,  both  general  aud  local,  is  a  powerful  in- 
strument for  determining  the  How  of  blood  to  the  various  organs 
and  tiAsuca  of  the  bo^iy,  and  thus  becomes  a  moans  of  indirectly 
iuflueuciug  their  functional  activity.  We  should  nccordiugly 
expect  U)  fiud  that  the  vaso -motor  nerves  were  connected  with, 
and  arterial  lone  regulateil  by  the  central  nervous  system,  in 
order  that  the  calibre  of  the  arteries  of,  and  the  supply  of  blood 
sent  to,  this  or  that  vascular  area  might  be  varied  according  to 
the  varying  needs  of  the  economy.  Aud  experiment  proves  this 
to  be  the  case. 

We  stAteil  that  section  of  the  cervical  sympathetic  in  the  neck 
causes  dilation  or  loss  of  tone  in  the  bloodvessels  of  the  head  and 
fiice.  This  is  true  at  whatever  jwint  of  the  course  of  the  nerve 
from  the  upper  to  the  lower  cervical  ganglion,  both  tncludedf 
the  section  be  made.  No  such  tlilation  of  the  vessels  of  the  head 
and  face  takes  place  when  the  thoracic  sympathetic  chain  is 
divided  anywhere  below  the  upper  thoracic  ganglion ;  but  dila- 
tion doea  occur  alter  division  of  certain  of  the  rami  communi- 
eanies  connecting  the  spinal  cord  with  the  cervical  sympathetic 
through  the  lower  cervical  or  up{>er  thoracic  ganglion.  Hence 
it  is  oTe&r  that  the  normal  tone  of  the  arteries  of  the  head  and 
^o&  is  maiutaiued  by  intlueuces  (whose  exact  nature  we  shall 
Btu4ly  presently  t  proo«ding  troni  the  central  ner%'ous  system,  pMB- 
ing  tiirough  certain  rami  eommunicoikU*  (the  exact  path  being 
•CMBewhat  uncertain  or  poa^ibly  not  constant)  into  the  cervicu 
sympathetic,  and  ascending  t^>  the  bead  and  face  by  that  nerve. 
In  other  words,  the  vaso-motor  fibres  of  the  vedsels  of  the  head 
and  fi&oe  may  be  trace<l  down  the  sympathetic  to  the  lower  cer- 
Yical  ganglion,  and  thence  by  tmm  opwwMWManto  into  the  spinal 
cord. 

In  a  similar  manner  the  vaao-nM>tor  fibres  of  the  splanchnic 
aerres  governing  the  mesentem  and  other  abdominal  arterisa 


can  also  be  traced  into  the  spinal  oord,  as  mar  also  those  of  the 
•caalie  goTeming  the  bloodTcaseU  of  the  hind  limb  and  of  the 
brachial  nerre  governing  those  of  the  fbreHmb.    In  Uud^  all  the 


itor  fibres  (vith  certain  special  exceptions  which  will  be 
diMvased  presently)  may  thu^  be  traced  into  the  spinal  cord ;  ihej 
are  ail  ooowytrd  with  the  central  necTotts  sjsttm  There  is  ai 
preeent  some  BtKrcrtatatr  in  certain  cases  ae  to  the  exact  mnnanf 
in  whbch  the  fibres  pass  from  the  sptaal  card  u>  this  or  thai 
nerre,  ss^  for  instance,  along  which  Derre-rooCs  the  vaao-fliolor 
fihras  ersotuallj  joittiog  the  sciakie  trank  run.  whether  they  ail 
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rpasfi  on  their  way  into  the  abdominal  isymuathetic  or  no,  and  the 
like ;  but  these  arc  questions  which  neccJ  not  delay  ub  now ;  in 
whichever  way  they  may  be  settleii,  they  do  not  atleot  the  im- 
portant fact  that  in  some  way  or  other  all  vnan-riiot<ir  Hbn's 
spring  from  the  central  nervous  syHlem,  and  that  (with  cerUtin 
special  excefitions)  what  we  have  called  the  normal  tone  of  the 
various  vascular  areas  is  maintained  by  influences  proceeding 
from  the  central  nervous  system. 

Far  more  imj>ortant,  however,  than  the  maintenance  of  a  normal 
tone,  which  indeed  might  he  at  once  and  for  ever  arranged  for  by 
the  proper  natural  calibre  of  the  elastic  bloodvessels,  is  the  power 
which  the  central  nervous  system  possesses  of  varying  the  tone  of 
this  or  that  artery  or  group  of  arteries,  of  increasing  it  or  of 
diminishing  it,  of  producing  constriction  or  dilation  in  those 
arteries,  and  thus,  as  we  have  seen,  of  effecting  changes  in  general 
or  local  blood-pre«sure,  or  in  both,  and  citnsequently  of  deter- 
mining a  How  of  blood  in  this  or  that  direction,  accurding  to  the 
needs  of  the  econt)my.  And  the  exercise  of  this  carefully  ar- 
range<l  manipulation  of  the  muscular  walls  of  the  arteries  may 
be  called  forth  in  fiillier  direction,  in  the  way  of  ctmstriclion,  or 
in  the  way  of  dilation  (or  of  both  at  the  same  time,  one  in  one 
area  and  the  other  in  others),  by  means  of  nervous  impulses 
either  originating  in  the  central  nervous  system  itself,  or  started 
by  atierent  impulses  passing  up  to  the  central  nervous  system 
from  some  sentient  surface. 

fitushing  is  a  familiar  instance  of  vascular  dilation  brought 
about  by  the  action  of  the  central  nervous  system.  Nervous  im- 
pulses started  in  some  parts  of  the  brain  by  an  emotion  produce 
certain  changes  in  the  central  nervous  system  (the  exact  nature 
and  locality  of  these  changes  we  shall  discuss  presently)  which 
have  in  turn  an  effect  on  the  vaso-motur  fibres  of  the  cervical 
sympathetic  almost  exactly  the  same  as  that  pntduced  by  section 
of  the  nerve.  In  cfmsequence,  the  muscular  walls  of  the  arteries 
of  the  head  and  face  relax,  the  arteries  dilate,  and  the  whole 
region  becomes  suffused.  Sometimes  an  emotion  gives  rise  not 
to  blushing,  but  to  the  opposite,  viz.,  to  pallor.  In  a  great 
number  of  cases  this  has  quite  a  different  cause,  being  due  to  a 
sudden  diminution  or  even  temporary  arrest  of  the  heart's  beats; 
but  in  some  cases  it  may  occur  without  any  change  in  the  beat 
of  the  heart,  and  is  then  due  to  a  condition  the  very  converse  of 
that  of  blushiug — that  is,  to  an  increased  arterial  constriction ; 
and  this  increased  constriction,  like  the  dilation  of  blushing,  ia 
effected  through  the  agency  of  the  central  nervous  system  and 
the  cervical  sympathelic.  These  are  familiar  examples,  but  we 
have  in  abundance  exact  ex(»erimental  evidence  of  the  effect  of 
afferent  impulses  in  inducing  through  the  central  nervous  system 
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va3o-motor  chauges.  and  thus  bringing  about  sometimeB  conBtric- 
tiuD,  sometimes  dilatiou.  Bometiraes  the  two  together.  The  ncliuii 
of  the  so-CAlleil  lU^pressor  nerve  is  a  Biriking  iiistauce  uf  reflex 
dilatiou.  as  it  may  ue  I'alleJ. 

If  ID  the  rabbit,  while  the  preetiure  in  an  artery  sucli  as  the 
carotid  is  being  registererl,  the  de])re»sor  nerve,  which  i^  a  branch 
of  the  vagus  running  ahmgside  the  carotid  artery  and  sympa- 
thetic nerve  (Fig.  79,  n.  dep.),  be  divided,  and  its  central  eno— 
ue.y  the  one  connected  with  the  brain — be  stimulated  with  the 
interniptcil  current,  a  gradual  but  nmrke<l  fall  (»f  pressure  in  the 
carotid  Is  observed,  lasting,  where  the  [>eri(Kl  of  stimulation  is 
short,  some  time  after  the  removal  of  the  stimulus  (Fig.  84). 


Fio.  84. 


*>^^/-V 


IL^  f^^f.r  f Ji-L^_^.^uuiJJ^_LXJ.JUUL^^A-^-UULfi. 


Tuotira.  uowufa  nil  Krrsn  o«  IlUK>ft-rKCttvitii  or  flriMfuriMu  tiib  Cmtbai.  K'^h  >%r 

tMR  IiKrKKiwuft  Ntivi  in  Till  Rakbit.     (Td  1«  rmul  Tmni  right  In  l«ft.) 
7'  ItKlUaUw  l)i«  rmie  nt  wblrh  flii>  rvconliuf  Mirfiuy*  wm  ttnvr-llliti: ,  lh)«  liitorvftltf  iiiurWnl 

rufTMfWtMt  Irt  P>--<ili'U.  f\  itn'  liw'Dicnl  Nt  >»lil'ti  tli"r<irrr>iit  <ftiu  llin-wil  inlu  tliw  ti^nc  ;  O, 
llip  ruomnnt  «l  wtil<  It  ll  wu^  xhtit  nil.  TU-  Tnt>rt  U  *iine  tluio  In  dt^rrloiiltif;,  himI  ImIj  aftrr 
tlt«i  cttrmnt  hit*  Uxin  tak«n  oiL  Tb«  Ur)i«r  nii<tuUil»u*  u«  the  rM|ilrMui7  ciirrw;  tli*- 
pnla»H]adltaliiiiw  UT'  wry  utwil. 

Since  the  beat  of  the  heart  is  not  markedly  changed,  the  full  of 
pressure  must  be  due  to  the  diminution  •>f  perinhenil  resistance 
occasioned  by  the  dilation  of  somt'  arteries.  And  there  is  evi- 
dence that  the  arteries  thus  dilated  arc  chielly  if  not  oxclueively 
those  arteries  of  the  ab<lominal  viscera  which  are  governeil  by 
the  splanchnic  nerve.  For  if  Ijoih  the  splanchnic  nerves  are 
divided  previous  to  the  experiment,  the  fall  of  pressure  when  the 
depressor  is  stimulated  is  very  small — ""*  *a*^^  alnnwi,  inBiguiti- 
caot.  Tiie  inltTencu  from  this  is  clear;  the  alTerent  impulses 
along  the  depre&sor  have  »*>    ftHected  soiue  part  of  the 
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central  nervous  Bystera  that  the  influences  which,  in  a  uornial 
comiilion  of  things,  passing  iilong  the  splanchnic  nerves  keep  the 
minute  arteries  of  the  abdominal  visicora  in  a  state  of  moderate 
tonic  constrictiuD,  fail  altogether,  ami  those  arteries  in  conse- 
quence dilate  just  as  they  do  when  the  splanchnic  nerves  are 
divided  the  effect  being  ptweibly  increased  by  the  similar  dilation 
of  other  smaller  vascular  areas. 

The  condition  of  the  splanchnic  or  other  vascular  areas  may, 
moreover,  bo  changed,  and  thus  the  general  blood-pressure  modi- 
fied by  afferent  impulses  passing  along  other  nerves  than  the 
depressor,  the  modifacation  taking  on,  according  to  circumstaDoeB, 
the  form  either  of  decrease  or  ot  increase. 

Thus,  if  in  an  animal  C^^og)  placed  under  the  influence  of  urari 
the  central  stump  of  ilie  divided  sciatic  nerve  be  stimulated,  an 
increase  of  blood-pressure,  almost  exactly  the  reverse  of  the  de- 
crease brought  about  by  stimulating  the  depressor,  is  observed. 
The  curve  of  the  blood-pressure,  after  a  latent  period  during  which 
no  changes  are  visible,  rises  steadily  without  any  corresponding 
change  in  the  heart't*  beat,  reaches  a  maximum  and  after  a  while 
slowly  falls  again,  the  fall  sometimes  beginning  to  appear  l)efure 
the  stimulus  has  been  removed.  There  can  be  no  doubt  that  the 
rise  of  pressure  is  due  to  the  constriction  of  certain  arteries ;  the 
arteries  in  questiuu  being  those  of  the  splanchnic  area  certainly, 
and  possibly  of  other  vascular  areas  as  well.  The  effect  is  nut 
confined  to  the  sciatic;  stimulation  of  any  nerve  containing 
afferent  fibres  may  produce  the  same  rise  of  pressure,  and  so  con- 
stant is  the  result  that  the  experiment  has  been  made  use  of  as  a 
method  for  determining  the  existence  of  afferent  fibres  in  anv 
given  nervo,  and  even  the  imths  of  t^ntripetal  impulses  through 
the  spinal  cord. 

If,  on  the  other  hand,  the  animal  be  under  not  urari  but 
chloral,  instead  of  a  rise  of  blood-pressure,  a  fall,  quite  similar  to 
that  caused  by  stimulating  the  depressor,  is  observed  wlien  an 
afferent  nerve  is  stimulated.  The  conditiou  of  the  central  nervous 
system  seems  to  determine  whetlier  the  reflex  eflcct  on  the  vaso- 
motor fibres  is  in  the  direction  of  constriction  leading  to  a  rise,  or 
of  dilation  leading  to  a  fall  of  bloml-prossure. 

Stimulation  of  a  sentient  surface  in  many  cases  causes  a  similar 
pise  in  blood-pressure  as  shown  in  Fig.  85,  where  a  rise  of  blood- 
preesure  follows  irritation  of  the  nostrils.  In  this  case,  however, 
the  rise  in  blood-pressure  is  accompanied  by  changes  in  respira- 
tion and  in  the  cardiac  rhythm. 

In  the  instances  just  quoted,  the  effect  of  the  stimulation  of 
the  aflerent  nerve  may  be  spoken  of  as  a  general  one ;  it  is  the 
general  blood-pressure  which  is  diminished  or  increased  ;  though 
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in  the  case  of  the  depressor,  at  all  evenU,  it  ia  chiefly  in  the 
splanchnic  area  that  the  constriction  or  dilation  takes  place. 

There  ure,  however,  some  remarkable  cases  where  a  local  efl'ect 
can  be  readily  distinguished  from  the  genera)  eflTect,  because  the 
two  are  in  i>ppc«ile  directions,  Ttiua»  ii'  in  a  rabbit  under  urari, 
the  central  sturrtp  of  the  auricularis  mnjruus  nerve  or  of  the 
auricularis  posterior  be  stimulated,  the  rise  of  general  prefisui 


Fig.  85. 


RifiR  or  ni>M>tv-rilCMtrBIE   ritOW  f^MrLATMJI   OK   NrWrUL  VTTII  JtMnsr. 
TUo  n^itlmtlmi  ami  runltur  rhythm  &n)  mi  tltu  nudo  Unio  («Dd*ro<l  httttv  »kiw. 
Tlif  iiiiiik  t  iti'limtxw  ttir  tlriM-  nf  the  itlinulaliun. 


which  is  caused  by  the  stimulation  of  this  as  of  any  other  afferent 
nerve,  is  accompanied  by  a  dilation  of  the  artery  of  the  ear. 
That  is  to  say,  the  atferent  impulses  passing  along  the  auricular 
nerve  wtiile  atfecting  the  central  nervous  system  in  an  ordiuary 
way.  BO  as  to  cause  constriction  of  many  of  the  arteries  of  the 
bo<iy  (but  chiefly,  probably,  the  splanchnic  vessels),  at  the  same 
time  so  affect  some  particular  nart  of  the  central  nervous  system, 
more  especially  connected  with  the  vaao-raotor  fibres  governing 
the  artery  of  the  ear,  as  to  lead  to  the  dilation  of  that  vessel. 

So,  also,  in  the  same  animal  stimulation  of  branches  of  the 
tibial  nerve  causes  dilation  of  the  saphena  artery,  together  with 
constriction  of  other  arteries,  aa  shown  by  the  concomitant  rise 
of  pressure.  And  there  are,  probably,  innumerable  instances  of 
the  same  kind  of  action  going  on  in  the  bo<iy  during  life,  for  it 
is  evident  that  the  object  of  the  local  dilation — viz.,  the  increased 
flow  of  blood  to  the  organ — must  be  assisted  if  a  general  con- 
striction is  at  Uie  same  time  taking  place  in  other  regions. 
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The  general  effect  may  not  always  be  obvious — may,  perhaps, 
Ik)  a1)8ent,  80  that  the  local  dilation  or  constriction,  as  the  cnse 
may  be,  is  the  only  obvious  result  of  the  vaso-motor  action. 
When  the  ear  of  tne  rabbit  is  gently  tickled,  the  effect  that  is 
seen  is  a  blushing  of  the  ear,  and  though  tliis  may  be  in  part  due, 
as  we  shall  see,  tti  the  action  of  a  local  mechiinism,  the  case  we 
have  just  cited  shows  that  the  central  nervous  system  must  be 
largely  engaged.  When  tlie  right  hand  is  dipped  in  cold  water, 
the  temperature  of  the  left  hand  fails,  on  account  of  a  reflex 
constriction  of  the  vessels  of  the  skin  of  that  hand  caused  by  the 
stimulus  applied  to  the  other.  Many  more  instances  might  be 
quoted,  and  we  shall  again  and  again  come  upon  examples.  The 
numerous  pathological  phenomena  classed  under  sympathetic 
action,  such  as  the  affection  of  one  eye  by  disease  in  the  other, 
are  probably  in  part,  at  least,  the  results  of  reflex  vaso-motor 
action. 

We  have  said  enough  to  show  that  the  calibre  of  the  small 
arteries,  which  by  determining  the  peripheral  resistance  forms 
one  important  factor  regulating  the  flow  of  blood,  is  subject  to 
influences  proceeding  from  all  parts  of  the  body,  and  that  these 
influences  reach  the  arteries  in  a  reflex  manner  by  means  of  the 
central  nervous  system,  the  afferent  impulses  being  for  the  most 
part  carried  by  ordinary  sensory  nerves,  while  the  efferent  im- 
pulses pass  along  special  vaso-motor  fibres,  which,  though  the 
centre  of  the  reflex  action  lies  in  the  cerebro-spiual  axis,  have  a 
great  tendency  to  run  in  sympathetic  tracts. 

The  afferent  impulses,  of  course,  neetl  not  start  from  the  periph- 
eral nerve-endings.  TI)ey  may,  for  instance,  arise  in  the  brain. 
Thus,  as  we  have  seen,  an  emotion  originating  in  the  cerebrum 
may  by  vaso-motor  action  give  rise  either  to  blushing  or  to 
pallor.  Nay,  more,  changes  may  be  induced  in  the  central  ner- 
vous system  itself  without  the  need  of  any  impulses  reaching  it 
from  without  When  we  come  to  discuss  the  rebitinns  of  respira- 
tion to  the  circulation,  we  shall  see  reason  to  think  that  the 
vaso-motor  action  of  the  central  nervous  system  may  be  directly 
affected  by  the  condition  of  the  blood  passing  through  it,  so  that 
if  the  quantity  of  oxygen  in  the  blood  be  reduced,  a  general 
arterial  constriction  takes  place,  and  a  rise  of  b]ood-j)re8sure  fol- 
lows; while  with  a  return  of  oxygen  to  the  blood,  the  vessels 
dilate  and  pressure  falls.  And  it  is  more  than  probable  that 
many  substances  introduced  into  the  blood,  or  ari^ng  in  the 
blood  from  natural  or  morbid  changes,  may  aflect  blood-pressure 
by  acting  directly  on  the  centres  in  the  central  nervous  system. 
Thev  may  also,  however,  act  on  the  peripheral  structures.  We 
shall  return  to  these  phenomena  later  on. 

In  many  ways^  then,  and  to  a  varying  degree  and  extent,  the 
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coitfBi  iieiirolM  MUm  cao  bring  aboot  ancrial  oooilrictiaa  or 
AtttfoB,  geacral  ir  local.  W«  Imt«  dov  to  wbadr  ilie  qaeaion, 
Wbat  h  Mora  exactly  the  natare  of  tbe  pgrtqo*  tadoeneea  vhidi 
it»i  to  ooMtnetioa  and  dllatioo,  renecdrelT  ?  Hov  do  ibote 
vydl  caoae  onoitrictiao  difi«r  from  tnoae  vbleh  came  ctiktHW  7 
In  the  fuadAinenta]  experiment  of  the  cerrical  sjmpatlielK, 
vben  arterial  dilatioo  has  followed  upuo  sectioii  of  tb«  aecra,  if 
the  penpbend  Morap  of  the  diriiied  Derre  be  itimalaied,  the 
diJaiiof)  fcivea  place  to  coDitriction,  the  bloeh  b  replaced  by 
pallor.  If  thenttmalua  be  very  strong  the  constridioD  is  greater 
thaa  normal,  but  by  carefully  adjusting  the  strength  of  the 
aCimoliu,  the  circulation  mar  be  brought  to  quite  a  noriDal  oon- 
diCioo,  the  "lofli  of  tone"  consequent  on  the  severance  of  the 
fiao-tnotor  fibres  from  the  ceotrsi  nerrous  system  may  be  re- 
plaeed,  and  not  mr»re  than  replaced,  by  an  artificial  tone  generated 
by  the  action  of  the  uimulus  on  tne  sympathetic  nerve.  The 
meat  natural  interpretation,  therefore,  of  the  vaso-motor  action 
in  thi«  case  is  to  auppose  that  the  normal  tone  of  the  arteries  of 
the  face  is  iimintained  by  "tonic*'  constrictive  impuUes  of  a 
certain  iuttriiaity  which  pass  from  thej^ntral  nervous  system 
along  the  symfiathetic.  and  that  the  dilation  of  the  same  arteries 
is  due  limplr  to  a  diminution  or  absence  of  these  constrictive 
impulses,  an  incrcase^l  con^^triction  or  pallor  being  similarly  due 
to  an  increase  beyond  uhat  is  normal  of  these  same  impulses. 
In  other  words,  the  nervous  influences  leading  to  arterial  dilation 
ftml  c4jostricii<»n  differ  in  degree  only,  not  in  kind,  and  may  be 
considered  as  l>ein^  UK-rely  phases  (of  decrease  or  of  increase,  as 
the  case  may  be)  of  the  same  nction.  And  if  we  turn  to  the 
splanchnic  nerve  we  find  a  simitar  interpretation  equally  valid. 
Htiniulfttiou  of  the  splauchuic  nerve  causes  constriction  of  the 
arteric*  governed  by  that  nerve,  apparently  because  the  stimula- 
tion supplies  artifK-ially  the  coiistriclive  impulses  which,  so  long 
as  the  nerve  is  intact,  pasi  down  it  from  the  central  nervous 
syeteni,  giving  the  requiHJie  tone  to  its  vascular  area,  and  the 
loss  of  which  by  division  of  the  nerve  gives  rise  to  dilation.  So 
that  were  we  U*  stop  nur  inquiries  at  this  point,  our  explanation 
of  VBso-iiiotor  action  would  be  very  simple.  We  might  apeak  of 
constrictive  impulses  as  passiug  from  the  central  nervous  system 
to  the  various  vascular  areas.  1o  such  an  extent  as  to  constitute 
normal  tonr,  hut  as  being  Busceptible  either  of  inhibition,  com- 
>Ictt'  or  pnrtiul,  thus  lending  to  greater  or  less  arterial  dilation, 
>r  orauLMmuitnli<ai,  thus  leading  to  excessive  constriction. 

iipltf  view  appears  insufficient  when  we  push  our 
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dilation  or  loas  of  tone  which  follows  u(>on  section  of  the  cervical 
sympathetic  (anr)  the  same  ig  true  of  the  splanchnic)  is  not  per- 
mnnent;  atler  a  while — it  may  he  »ot  until  alter  aeveral  iJays, 
it  may  be  sooner — the  dilation  disappears  and  the  arterie.^  regain 
their  usual  calibre.  This  recovery  i»  not  due  to  any  regeneration 
of  vaflo-niotor  fibres  in  the  sympathetic,  for  it  may  he  observed 
when  the  whole  length  of  the  nt^rve,  including  the  superior  cer- 
vical ganglion  is  removed.  When  recovery  of  tone  has  thua 
takfU  place,  dilation  or  increased  constriction  may  be  occasioned 
by  locaJ  treatment;  the  ear  may  be  made  to  blush  or  to  pale  by 
the  application  of  heat  or  cold,  by  gentle  stroking  or  rougk 
handling,  and  the  like;  but  neither  the  one  nor  the  other  con- 
dition can  \ye  brought  about  by  the  intervention  of  the  central 
nervous  system.  Ho,  also,  the  spf>ntaneoua  rhythmic  variations 
in  the  calibre  of  the  arterieaof  the  ear  of  which  we  spoke  on  p. 
243,  though  they  ceatse  for  a  time  after  division  of  the  cervical 
sympathelic.  eventually  reapixMir,  even  if  the  sujierior  cervical 
ganglion  be  removed.  And  the  nnalognus  rhythmic  variations 
of  the  veins  of  the  bat's  wing  have  been  proved  experimentally 
to  go  on  vigorously  when  all  connection  with  the  central  nervous 
syatem  haa  been  severed;  they  may  continue,  in  fact,  in  isolated 
pieces  of  the  wing.  From  this  it  is  clear  that  what  we  have 
spoken  of  as  the  tone  of  the  vessels  of  the  face,  though  inliueneed 
by  and  in  a  measure  dependent  on  the  central  nervous  system, 
is  not  simply  the  result  of  an  effort  of  that  system.  The  mus- 
cular walls  of  the  arteries  are  not  mere  passive  instruments 
worked  by  the  cerebro  spinal  axis  through  the  cervical  aynipa- 
thetic;  obviously  they  have  an  intrinsic  t<>ne  of  their  own,  de- 
pendent possibly  on  si»me  local  nervous  mechanism,  though  in 
the  ear  at  least  no  such  mechanism  has  yet  been  faind  :  and  it 
seems  natural  to  suppose  that  when  the  central  nervous  system 
oauses  dilation  or  conEtirictinn  of  ilte  veT^sels  of  the  face,  it  nmkes 
use,  in  so  doing,  of  tlii»  intrinsic  local  tone.  But,  if  so,  then  the 
simple  view  entertained  hIkivc.  that  arterial  dilation  and  con- 
striction are  simply  determined  by  the  decrease  or  increase  of 
tonic  constrictive  impulses  passing  directly  from  the  central 
nervous  system,  is  not  a  complete  representation  of  the  fnct^. 

In  the  second  place,  if  we  turn  from  the  sympathetic  or 
splanchnic  to  other  iiervca  containing  vasomotor  fibres,  we  meet 
with  still  greater  difficulties.  To  take,  for  instance,  a  nerve 
supplying  a  muscle,  such  as  that  going,  in  the  frog,  to  the  mylo- 
hyoid muscle.  Here,  as  in  the  cervical  Hyn»]iaihei.ic,  section  of 
the  nerve  produces  dilation,  but  that  dilation  is  even  more  tran- 
sient than  in  the  case  of  th*.'  synipnthetic ;  the  vessels  speedily 
return  to  their  former  calihre.  And  then  it  is  found  that  stimu- 
lation of  whatever  streuglh  of   the  iieripheml   portion  of  the 
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divided  nerve  brings  about  not  constriction  but  dilation.  A 
similar  dilation  is  seen  when  the  nerve  of  a  njainmaliau  muscle 
is  slimulated,  and  probably  occurs  in  the  case  of  all  muscular 
nerves.  There  are,  therefore,  in  the  bofiy,  nerves,  stimulation 
of  which,  as  well  as  mere  section,  always  briugs  about  arterial 
dilation. 

There  are  other  nerves  in  the  hoi\y  ai'  a  mixed  chamcter, 
intermediate  bi'twcen  the  cervical  sympathetic  on  the  one  hand, 
and  the  muscular  nerves  on  the  other,  stimulation  producing 
now  constriction,  now  dilation.  Such  a  nerve  is  the  sciatic  of  a 
niammnl.  AVe  have  already  seen  that  section  of  this  nerve  pro- 
duces dilation  of  the  vessels  of  the  fuitt:  but  the  dilation  so  caused 
after  a  few  days  disappears;  the  ff>ot  on  the  side  on  which  the 
nerve  was  divided  becomes  not  ouly  as  cool  and  pak%  but  fre- 
quently cooler  and  paler  than  the  foot  on  the  sound  siile.  If  the 
peripheral  portion  of  the  divided  nerve  be  aliinulated  with  an 
intcrrii|ilL'ii  current,  immediately  or  very  shortly  after  division, 
the  dituiiou  ihii.'  to  the  division  gives  place  to  constriction ;  the 
sciatic  acts  then  <iuite  like  the  cervical  Hytujiathelic,  except,  per- 
haps, that  this  artificial  constriction  cannot  be  maiDtaiuetl  for  so 
lou^  a  time,  aud  ia  very  apt  to  be  followed  by  increased  dilation. 
It'  however,  the  stimulation  be  deferred  for  aonie  days,  until  the 
dilation  has  given  [>lace  to  a  returning  constriction,  the  effect  is 
not  constriction,  but  dilation  ;  the  uerve  then  acts,  as  far  as  its 
vaso-molor  fibres  are  concerned,  like  a  muscular  nerve,  and  not 
like  the  cervical  sympathetic.  In  fact,  by  variations  in  the  at- 
tendant circumstances,  and  in  the  mmle  of  stimulation,  into  the 
details  of  which  we  cannot  enter  now,  stimulation  of  the  divided 
sciatic  may.  at  the  will  of  the  experimenter,  be  made  to  produce 
either  arterial  dilatit>n  or  arterial  constriction. 

Ia  all  the  above  cases,  section  of  the  nerve  produces  dilation, 
whether  the  subsequent  stimulation  causes  constriction  or  dilfr 
tion ;  the  dilation  after  section  may  lie  eometimes  not  very 
marked,  hut  is  always  present  to  some  extent  or  other.  But 
there  are  certain  nerves,  section  of  which  prctduces  no  marked 
changes  in  the  vascular  areas  to  which  they  are  distributed,  nod 
yet  stimulation  ofwhich  brings  about  dilation  often  of  an  extreme 
character.  A  striking  example  of  this  is  seen  iu  the  so-called 
nervi  erigentcs.  The  erection  of  the  |>enis  is,  putting  aside  the 
subsidiary  action  of  muscular  bands  in  restraining  the  outflow 
through  the  veins,  chiefly  due  to  the  dilation  of  brnnches  of  the 
pudic  arteries,  whereby  a  large  quantity  of  blood  is  discharged 
into  the  venous  sinuses.  Erection  may,  in  the  d(»g,  be  artiflcially 
produced  bv  stimulating  the  peripficral  ends  of  the  divitled  nervi 
•  <^  '     )i   are   briuu'hes  from   the  first  an'i  second,  and 

::i  the  third,  sacral  nerve  passing  across  the  pelvis. 
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On  applying  the  interrupted  current  to  the  peripheral  enda  of 
these  nerves,  the  corpora  i'nvern(»sa  at  once  become  turgid.  And 
yet  simple  secliou  of  tliese  nervi  erigeates  will  nut  in  itneU'  give 
rise  to  erection. 

A  Himilar  c&se  is  presented  by  the  subinuxillary  gland.  As 
will  be  explaine<l  more  in  detail  in  trruting  of  secretion,  this 
gland  is  supplied  by  two  nerves,  by  branches  of  the  chorda  tym- 
pani  reaching  it  along  ila  duct,  and  by  linmches  of  the  cervical 
sympathetic  reaching  it  along  its  arteries.  Neither  section  of 
the  chorda  tympani  nor  section  of  the  cervical  sympathetic  pro- 
duces any  very  marked  eHect  in  the  circulation  of  the  gland. 
Yet  stimulation  of  the  former  will  bring  about  a  most  striking 
dilation,  of  the  latter  a  no  less  striking  constriction,  of  the  arteries 
of  the  gland. 

How  can  we  cunstruct  a  view  of  (he  action  of  vafio-motf>r 
nerves  which  will  he  conaistent  with  all  these  various  facts? 

In  the  first  place,  we  must  admit  the  existence  of  a  kK*al  tone 
in  the  several  vascular  arena,  independent  of  the  central  nervous 
system.  Id  such  cases  as  the  corpora  cHverni:>sa  i>f  the  petiiri.  and 
the  submaxillary  gland,  this  independence  is  uumistukuble ;  in 
other  regions  it  is  not  at  first  sight  so  apparent,  but,  as  we  have 
already  urged,  must  be  admitted  even  for  these. 

In  the  second  place,  as  is  strikingly  shown  by  the  case  of  the 
submaxillary  gland,  there  are  nerves  which,  since  stimulation  of 
them  always  causes  dilation,  may  be  called  vaeo-dilator  nerves, 
and  nerves  which,  since  stimulation  of  them  always  causes  con- 
striction, may  be  called  vam-conatrldor  nerves.  Examples  of  the 
first  are  seen  in  the  nervi  erigentes,  the  chorda  tympani,  the 
nerves  of  muscles,  etc. ;  of  the  second,  in  the  cervical  sympathetic, 
the  splanchnic,  etc.  <.)r,  to  he  more  exact,  we  may  say  that  the 
vaso-motor  fibres  of  the  former  are  vaso-dilator,  of  the  latter, 
vaso- constrictor. 

In  the  third  place,  the  cases  of  the  corpora  cavernosa  of  the 
penis  and  the  sunmaxillary  gland  suggest  the  idea  that  dilation 
is  the  result  of  the  complete  or  partial  loss  of  local  tone;  that,  in 
fact,  vaso  dilators  act  by  inhibiting,  and  vaso-constrictors  by 
augmenting,  the  activity  oi"  the  local  mechanism  (whatever  it  be) 
which  gives  rise  to  tho  local  tone.  The  erection  of  the  penis 
which  follows  stimulation  of  the  nervi  erigeutes,  and  the  injection 
of  thesubraaxillary  gland  which  follows  stimulaiion  of  the  chorda 
tympani,  present  a  very  close  analogy  to  the  inhibition  of  the 
heart  by  stimulation  of  the  vagus.  Just  as  the  rhythmic  con- 
traction of  the  cardiac  fibre  is  stepped  by  the  vagus,  so  the  titnic 
conlniction  of  the  arterial  fibre  (and  this  tonic  contrn*'tion  is, 
iudeed,  at  bottom  an  ol>3cure  rhythmic  contraction)  is  stopi>ed 
by  the  chorda  or  the  nervi  eriguutes.     And  it  seems  to  be  very 
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natural  to  draw  the  conclugion  that  dilation  is  in  all  cases  mere 
inhibition,  and  constriction  in  all  cases  mere  augmentation,  of 
local  tone.  But  tempting  as  this  view  is,  and  useful,  perhaps, 
as  it  may  be  as  a  working  hypothesis,  it  must  not  be  regarded  as 
definitely  proved.  It  is  ijuite  possible  that  dilation  may  be 
brought  about  in  different  ways  in  different  casea;  and  so,  also, 
with  constriction. 

Further,  the  uccurrence  of  dilation  after  simple  eectioa  of  a 
nerve  raises  an  interesting  question.  Do  the  arteries  in  such  a 
case  dilate  because  the  very  section  of  the  nerve  acts  as  a  stimulus 
to  vaso-dilator  fibres,  or  because  the  local  tone  is  insutficieut  to 
keep  up  an  adequate  arterial  constriction  unless  it  be  supple- 
mented by  additional  tonic  impulses  reaching  the  local  mechanism 
from  the  central  nervous  system,  which  supplement  is  lost  by 
section  of  the  nerve?  Obviously,  if  mere  section  behaves  as  a 
Btitiiulus  to  vaso-dilator  fibres  of  such  a  potency  as  to  give  rise  tp 
a  dilation  iaating  hours,  or  it  may  be  days,  all  evidence  of  *'  tonic" 
impulses  proceeding  from  the  central  nervous  system  is  done  away 
with.  We  cau,  then,  only  sj^eak  of  dilation  and  coustriction  as 
being  the  result  of  the  action  of  vaso-dilator  and  vaao-constrictor 
fibres,  respectively,  both  worked  in  a  reflex  mauuer  by  the  cen- 
tral nervous  system.  luto  the  discussion  whether  such  an  inter- 
pretation of  the  effects  of  simple  section  is  justified  by  facts  or 
not,  ami  into  the  allied  controversy  concerniug  the  reason  why 
the  vaso-motor  effects  of  stimulating  the  efferent  fibres  of  the 
sciatic  and  other  nerves  vary  so  much  uuder  different  circum- 
stances, we  cannot  enter  here.  We  must  content  ourselves  with 
the  general  conclusion  that  though  local  tone  may  exist  inde- 
|>endently  of  the  central  nervous  system,  the  condition  of  the 
various  vascular  areas,  in  the  living  body  in  a  normal  condition, 
is  arranged  and  modified  to  meet  passing  or  permanent  needs,  by 
the  central  nervous  system,  through  the  agency  of  vaso-motor 
nerves,  and  that  these  vaso-molornerves  in  some  cases,  since  they 
are  used  to  give  rise  to  dilation  only,  may  be  spoken  of  as  vaso- 
dilator nerves,  or  as  containing  vaso-dilator  fibres,  in  other  cases 
may  similarly  be  called  vaso-constricttir,  and  in  yet  a  third  class 
of  cases  be  regarded  as  mixed  in  character,  since,  according  to 
circumstances,  they  give  ri§e  either  to  dilation  or  to  constriction. 

The  Course  of  yaito- motor  Fibres. — Leaving  uut  uf  consideration 
local  vaso-motor  mechanisms,  such  as  those  which  may  be  sup- 
poseil  to  exist  in  the  submaxillary  gland,  we  may  make  the  general 
statement  that  vaso-motor  iuffueuces  may  be  traced  back  to  the 
spinal  cord.  The  exact  paths  taken  bv  the  vaso-motor  fibres 
have  not>  however,  as  yet  Iweii  fully  worked  out. 

Most  observers  are  agreed  that  the  fibres  leave  the  spinal  cord 
by  the  aaterior  roots  of  the  spinal  nerves;  but  in  the  majority  of 
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cases,  at  all  events  as  far  as  the  mammai  is  cooceraed,  the  fibres 
do  Dot  ruD  iu  a  direct  course  to  their  deslinatioa  iu  compauy 
with  the  ordinary  motor  fibres  passiag  to  the  same  structures  as 
themselves.  Thus,  the  vaao-motor  tibres  of  the  hiod  Jirabs  do  not 
pass  directly  with  the  anterior  roots  into  the  sciatic  nerve,  but, 
largely  at  all  events,  turn  aside,  to  join  through  tlie  r.ioii  com- 
niuuicaDtes  the  abdominal  i^ympaihelic;  and  it  is  only  after  they 
have  traversed  a  certain  length  of  i*yii»|>athetic  nerve  that  they 
again  return  to  the  spinal  nerves,  enter  into  the  sciatic  nlexus, 
antl  thus  become  [mrt  of  the  nerves  of  the  leg.  So,  also,  the 
vaso-motor  6bres  for  the  forelimb  pass  iu  large  measure  from  the 
anterior  roots  of  the  U[)per  dorsal  nerves  to  the  thoracic  eympa- 
ihetic  chain,  and  thence  by  the  first  thoracic  ganglion  to  the 
brachial  plexus,  and  so  on  U)  the  forelimb.  And  we  have  already 
seen  that  the  vaso-raotor  fibres  for  the  head  and  face,  pass  from" 
the  lower  cervical  or  lower  dorsal  spinal  cord  to  the  first  thoracic 
or  to  the  last  cervical  ganglion,  and  by  the  cervical  sympathetic 
upwanls. 

When,  as  in  the  case  of  the  submaxillary  gland,  the  [tresence 
of  distinct  and  antagonistic  vaso-constrictor  and  vaso-dilator 
oerves  is  conspicuous  iu  the  same  organ,  the  dilator  fibres  are 
generally  found  running  in  a  cerebrospinal  and  the  constrictor 
fibres  in  a  sympathetic  nerve,  but  we  cannot  at  present  say  that 
such  a  contrast  is  invariable.  We  cannot  as  yet  trace  out  9uch 
distinct  courses  for  the  dilator  and  constrictor  fibres  uf  fither  the 
fore  or  biud  limb;  and  in  the  tongue,  while  dilator  fibres  run 
into  the  lingual  nerve,  constrictor  fibres  appear  in  the  hypo- 
glossal, which  id  no  less  clearly  a  spinal  nerve  than  the  fifth,  of 
which  the  lingual  is  a  branch, 

Vaso-motor  Centres, — There  remains  the  important  question, 
What  part  of  the  central  nervous  system  is  it  which  intermediates 
as  a  nervous  vaso-motor  centre  or  centres,  either  of  purely  reflex 
or  of  partly  refiex  and  partly  automatic  action,  betweeu  various 
afierent  impulses  and  the  efferent  vaso-motor  impulses  leading 
either  to  dilation  or  constriction  i* 

We  have  seen  that  stimulation  of  the  central  stump  of  the 
divided  sciatic  gives  rise,  in  an  animal  under  urari,  to  an  increase 
of  general  blood-pressure,  brought  about  chiefly,  if  not  entirely, 
by  an  augmentation  of  constrictive  impulses  passing  along  the 
splanchnic  nerves.  This  increase  of  blood-pressure  is  mani- 
fested, with  (iu  satisfactory  experiments)  undiminisheil  intensity, 
even  when  the  whole  of  the  brain,  down  to  a  certain  limit  in  the 
medulla  oblongata,  has  been  removed.  But  if  the  removal  l>e 
CArrie<l  beyoudfthis  limit,  or  if  a  small  area  of  the  medulla  ob- 
longata lying  above  the  calamus  ecriptorius  be  removed,  the  effect 
on  the  general  blood-pressure  of  stiiuulatiug  the  central  stump  of 
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the  sciatio — we  might  add,  of  any  other  afferent  nerve — is  com- 
(tarntively  insiguiticaiit.  The  Himpleat  view  to  take  of  these  factfl 
is  to  suppose  that  this  small  portion  of  the  medulla  oblongata 
acts  U8  a  vajso-motor  centre,  by  the  action  of  wliich  ordiuary  afferent 
inipulsee  coming  from  the  sciatic  or  any  other  afferent  nerve  are 
Irausforiued  into  vaso-motor  impulses  of  constrictive  (or  as  in  the 
case  of  an  aniiiial  undor  chloral,  of  dilating)  efi'ccL  and  so  dis- 
charged along  the  aplaucliDic  nervce. 

The  lower  limit  of  this  region,  which  we  may  call  the  medul- 
lary vaso-mntor  centre  has  been  place<l  in  the  rabbit  at  a  hori- 
zontal lino  drawn  ab(»iit  4  or  5  mm.  above  the  [)oint  of  the  cala- 
mus Bcripttirius,  and  the  upper  limit  at  about  4  mm.  higher  up — 
I.  e.,  abuut  1  or  2  mm.  below  the  corpura  quadrigemina.  When 
transverse  sections  of  the  brain  are  carried  sueeesBively  lower 
and  lower  down,  an  effect  <tn  blotxl-preasure  in  the  way  of  lower- 
ing it  and  also  of  diminishing  the  rise  of  blood-pressure  resultinf^ 
from  stimulation  of  the  sciiuic,  is  first  observed  when  the  upper 
limit  is  reached.  On  carrying  the  sections  still  lower,  the  effect 
of  stimulating  the  sciatic  becomes  less  and  less,  until  when  the 
lower  limit  is  reached  no  effects  at  all  are  olwerved.  The  centre 
appears  to  be  bilateral,  the  halves  being  placed  not  in  the  middle 
line,  but  more  sideways  and  rather  nearer  the  anterior  than  the 
piistorior  surface.  It  may,  perha[)e,  be  more  closely  defined  as  a 
small  prismatic  space  in  the  forward  prohmgatifm  of  the  lateral 
colutniis  after  they  have  given  off  their  fibres  to  the  decussating 
pyramiiis.  This  space  is  largely  occupied  by  a  mass  of  gray 
matter,  culled  by  Clarke  the  antenvlateral  nucleus,  and  contain- 
ing large  multipolar  cells. 

Whether  this  medullary  vasf^motor  centre  has  any  distinct 
automatic  action,  whether  it  maybe  regarded  as  continually  gen- 
erating out  of  its  own  molecular  oscillations,  and  discharging 
along  the  vaso-motor  libros.impulses  whereby  the  general  arterial 
tone  is  maiatained,  is  a  tjuestion  which,  like  the  allie<l  question 
miMited  on  p.  '2'-ifi,  need  not  be  discussed  here.  Granting  even 
the  existence  of  such  automatic  function,  they  must  be  of  sec- 
ondary importance.  Aa  we  have  already  urge<l,  the  great  use  of 
the  whole  vaso-motor  system  is  not  to  maintain  a  general  arterial 
tone,  but  to  modify  according  to  the  needs  of  the  economy  the 
condition  of  thi?  or  that  vat^cular  area. 

The  impulse  passing  down  the  vasomotor  fibres  of  the  cervical 
sympathetic,  and  of  many  other  norvos,  may  similarly  be  traced 
back  to  this  same  region  of  the  medulla  oblongata.  Whether  all 
vn.'^omotor  librcs  arc  actually  in  functional  connection  with  it 
may  perhaps  be  doubted ;  but  at  nil  events  the  fibres  passing  to 
so  many  vii.-cular  areas,  and  thone  of  wuch  magnitude  and  im- 
portance, are  by  means  of  it  brought  into  functional  relationship 
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with  BO  many  affereut  nerves  of  the  body,  that  it  may  fairly  be 
sfxiken  of  as  the  general  vasomotor  centre. 

But  the  use  of  this  phrase  must  not  be  understootl  to  imply 
that  this  small  portion  of  the  medulla  oblongata  is  the  only  part 
of  the  central  nervous  system  which  can  act  as  a  vaso-niotor 
centre.  lu  the  fru^  rellex  vasomotor  effects  may  beobtaiued  by 
stimulating  various  afferent  nerves  after  the  whule  medulla  has 
been  removed,  and,  indeed,  even  when  only  a  comparutiveiy 
small  portion  of  the  spinal  cord  has  been  left  intact  ami  con- 
nected, on  the  one  baud,  with  the  atferent  nerve  which  \!t  being 
stimulated,  and.  on  the  other,  with  the  efferent  nerves  In  whitli  run 
the  vaai>-mntor  fibres  whose  Action  is  being  studied.  In  the  mam- 
mal suL'h  effects  do  not  »u  readily  appear,  but  may  with  c^re  and 
under  special  con<litions  be  obtained.  Thus  in  the  dog,  when  the 
spinal  cord  is  divided  in  the  dorsal  region,  the  arteries  of  the 
hind  limbs  and  Kinder  part  of  the  body  become  dilated.  This 
one  would  naturally  expect  as  the  result  of  their  severance  from 
the  general  medullary  vaso-motor  centre.  But  if  the  animal  be 
kept  in  gooti  condition  for  some  time,  a  normal  or  nearly  normal 
arterial  tone  is  after  a  while  reestabliiflied;  and  the  tono  thus 
regained  may  be  modified  in  the  direction  certainly  of  dilution, 
and  possibly,  but  this  is  by  no  means  so  certain,  of  congtric-li>m 
by  afferent  impulses  reaching  the  lumbar  cord.  Erection  of  the 
penis  through  the  nervi  erigentes  may  then  be  still  brought  about 
by  suitable  stinjuhuion  of  sensory  suriacea,  ami  dilalion  of  various 
ve^isels  of  the  limbs  readily  produced  by  stimulation  of  the  central 
stump  of  one  or  another  nerve. 

These  remarkable  reanltit,  which,  though  they  are  most  striking 
iu  cimnection  with  the  lumbar  cord,  hold  good  apparently  for  the 
dorsal  cord  also,  and  indetid  for  all  parts  ofthe  spina  I  corrl,  naturally 
suggest  a  doubt  whether  the  explanation  just  given  above  ofthe 
effects  of  sectiork  uf  the  medulla  oblongata  is  a  valid  one.  When 
we  come  to  stuily  the  contra!  nervous  system,  we  shall  agaiti  and 
again  see  that  the  immediate  effect  of  operative  interference  with 
these  delicate  structures  is  a  temporary  suspension  of  nearly  all 
their  functions.  This  is  often  spoken  of  as  "shock,"  and  maybe 
regardeil  as  an  extreme  form  of  inhibition.  And  the  question  may 
fairly  be  put  whether  the  effects  of  cutting  an<l  injuring  the 
structures,  which  we  have  spoken  of  as  the  medullary  vaso-motur 
centre,  are  not  in  reality  simply  llittsc  of  shock.  The  case  of  the 
dog  with  the  divided  dorsal  cord,  and  other  similar  cases,  clearly 
prove  that  parts  of  the  spinal  cord,  other  than  the  particular 
region  of  the  medulla  oblongata  of  winch  we  are  speaking,  may 
act  as  vaso-motor  centres.  And  we  may  very  fairly  at  least  put 
forward  the  view,  that  the  vascular  dilation  which  follows  u[K)n 
sections  of  the  so-called  medullary  vaeo-iuotor  centre,  comesabout 
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because  section  of  or  injury  to  thi»  region  exercises  a  sLrong 
inhibitory  inHuence  on  nil  the  vasomotor  centre!*  situated  in  the 
»pitiul  cord  below.  Owing  tu  the  special  fuuction  uf  the  medulla 
oblongAta  in  carrying  on  the  all-im|>ortauL  work  of  renpiration,  a 
mauiniui  whoBe  medulla  has  been  divided  cannot,  be  kept  alive 
for  any  length  of  time.  We  cannot,  therefore,  put  the  matter  to 
the  simple  experimontnl  te^t  of  extirpating  the  supposed  medul- 
lary vasi^imotnr  centre,  and  seeing  what  happen^  wlien  the  animal 
has  completely  recovered  from  the  effect.s  ot  the  operation,  we 
have  to  be  guided  in  our  decision  by  more  or  Icb?^  indirect  argu- 
ments. We  must  not  attempt  to  di^acu^n  the  matter  fully  here, 
but  may  Hity  that,  after  all  due  weight  hixa  been  ntlached  to  the 
play  of  inhibitory  impulses,  there  Htill  remains  a  balance  of  evi- 
dence in  favor  of  the  view  that  the  region  of  the  medulla  of 
which  we  are  speaking  does  act  uh  a  general  vasomotor  centre. 
It  is  not,  however,  to  be  regarded  as  the  ftiugle  vaao-motor  centre, 
whither  aUt'reni  impulses  from  all  part**  of  the  body  must  always 
travel  bef(»re  they  can  start  vaso-motor  impulses  along  this  or  that 
nerve.  We  are  rather  to  suppose  that  tne  spinal  cord  along  its 
whole  length,  contains,  interlaced  with  the  reflex  and  other 
mechanisms  by  which  the  skeletal  muscles  are  governed,  vaso- 
motor centres  and  mechanisms  uf  varied  complexity,  the  details 
of  whose  functions  and  topography  have  yet  largely  Uy  be  worked 
out.  As  in  the  absence  of  the  sinus  venosus  the  auricles  and 
ventricle  of  the  frog's  heart  may  still  continue  to  beat,  so  in  the 
abfience  of  the  medulla  oblongata,  these  spinal  vaso- motor  centres 
provide  for  the  vascular  emergencien  which  arise.  As,  however, 
in  the  normal  entire  frog's  heart,  the  sinus,  so  to  speak,  gives  the 
work  and  governs  the  work  of  the  whole  organ,  so  the  medullary 
vaso-motor  centre  riilps  and  coordinates  the  lesser  centres  of  the 
cord,  and  through  them  presides  over  the  chief  vascular  areas  of 
the  body.  It  is  possible,  moreover,  that  the  medullary  centre  is 
specially  connected  with  the  splanchnic  nerves,  and  thuj*  with 
the  capacious  vascular  area  of  the  abilomiual  viscera,  and,  in 
consequence,  posses-sts  an  additinnal  ini[»ortance.  By  means  of 
these  vaso-motor  central  riu'clianisms,  by  means  of  the  head  centre 
in  the  medulla,  and  the  subnidiary  centres  in  the  spinal  cord,  the 
delicate  nuuldntTy  of  the  circulnliou,  which  determines  the  blood- 
supply.  nn<l  so  the  activity  of  each  tistfue  and  organ  is  able  to 
respond  by  narrowing  or  widening  arteries  to  the  ever-varying 
demands,  and  to  meet  by  com|M.'n8atiug  changes  the  shucks  and 
strains  of  daily  life. 

Vaaomotor  Nerves  of  the  Veins. — Although  the  wins  are 

•^h  uiUfciilar  fibn-B,  and  an;  tlislinctly  coniraclile,  and 

lie  variiihons  of  calibre  due  to  c<MHruc.tiou8  may 
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be  seen  in  the  great  veins  opening  into  the  heart,  in  the  veins  of 
the  bat's  wing,  and  elsewhere,  and  similar  rhylhniic  variutious, 
also  possibly  clue  to  active  rhythmic  contraclii'nt*.  but  [vipaibly, 
also,  of  an  entirely  passive  nature,  have  been  observed  in  the 
portal  veins,  very  little  is  known  of  any  nervous  arrait^ements 
governing  the  veins.  When  in  the  frog  the  brain  ami  spinal 
cord  are  destroyed,  very  little  blood  ronies  bark  to  tht^  heart  as 
compared  with  the  normal  supply,  and  the  heart,  in  consequence, 
appears  almost  bloodless,  and  beats  feebly.  This  has  been  inter- 
preted as  indicating  the  existence  of  a  normal  tone  in  the  veins 
dependent  on  the  central  nervous  system.  When  the  latter  is 
destroyed,  the  veins  become  abnormally  distended,  and  a  large 
quantity  of  blood  becomes  lodged  and  hidden,  as  it  were,  in 
tnem. 

The  Effects  of  Local  Vascular  Constriction  or  Dilation. 

Whatever  be  determined  ultimately  to  be  the  modus  operandi 
of  vaso-motor  mechanisms,  the  following  fundamental  facta  remain 
of  prime  importance. 

The  tone  of  any  given  vascular  area  may  be  altered,  {)oeitively 
in  the  direction  of  augmentiUiou  (cfiustriction),  or  negatively  in 
the  way  of  inhibition  (dilation),  quite  inciependently  of  what  is 
going  on  in  other  areas.  The  change  may  be  brought  about  by 
(1)  a  stimulus  applied  to  the  spot  itself,  and,  acting  either 
directly  on  some  local  mechanism,  or  indirectly  by  reflex  action 
through  the  general  central  nervous  system ;  (*2)  by  a  stimulus 
applied  to  some  oUnr  sentient  surfiace,  and  acting  by  reflex  action 
through  the  central  nervous  system  ;  (3 )  by  a  stimulus  (chemical, 
arising  in  or  carrie<l  by  the  blood)  acting  directly  on  the  central 
uervnus  system;  (4)  by  some  part  of  the  central  nervous  system 
acting  on  the  vasf»*motor  centre,  as  in  emotions. 

The  eflects  of  local  dilation  are  local  and  general. 

The  local  effects  are  i\s  follows.  The  arteriea  in  the  area  being 
dilated,  ofler  less  resistance  than  before  t«»  the  passnge  of  blood. 
C'onsequently,  niorebloi>d  than  usuni  pa?seH  through  them,  filling 
up  the  capillaries  and  <listending  the  veins.  Owing  to  the  dim- 
inution of  the  resistance,  the  fall  of  pressure  in  passing  fmm  the 
arteries  to  the  veins  will  be  less  maraeil  than  usual ;  that  in  the 
small  arteries  themsclvv}^  will  be  lowere<l ;  that  in  the  correspond- 
ing veins  heightened.  The  lowering  of  the  pressure  in  the  arteries 
means  that  their  elastic  coats  are  not  put  to  the  stretch  as  much 
as  usual — i.e.,  their  elasticity  is  not  called  into  play  to  the  eanie 
extent  as  before.  Now,  as  has  been  steu,  every  portion  of  the 
arterial  wall  bus  its  share  in  ilestruying  the  nulso  by  converting 
the  intermittent  into  a  continuous  flow.      Hence,  the  dilated 
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arteries,  their  elaeticity  not  being  called  into  play  so  much 
before,  will  not  contribute  their  usnal  share  towards  destroying 
the  pulsntions  which  reach  them  at  the  cardiac  side.  The  pul- 
sations will  travel  through  them  less  changed  than  before, and  may, 
in  certain  canes,  jijiss  right  on  into  the  veins.  This  is  frequently 
seen  in  the  subniaxiMury  gland,  when  the  chorda  tynipani  is 
stimulated.  The  cftannels  being  wider,  resistance  being  less,  aud 
the  force  of  the  heart  behind  remaining  the  same,  more  blood  than 
before  passes  through  the  area  in  a  given  time;  or,  put  difler- 
ently,  the  same  quantity  of  blood  passes  through  the  area  in  a 
shorter  time.  The  blood,  consequently,  as  it  passes  into  the  veins 
is  less  changed  than  in  the  normal  comJition  of  the  area.  Usuallv 
the  flow  is  so  rapid  that  the  Dxyhxemoglobin  of  the  corpuscles  is 
deoxidized  to  a  much  less  extt:;nt  than  usual,  aud  the  venous  blood 
still  possesses  an  arterial  hue.  On  the  other  hand,  since  more 
bltxMi  passes  in  a  given  time,  there  ie  nti  opportunity  for  an  in- 
crease in  the  total  interchange  between  the  blood  and  the  tissue. 
Thus  the  lutal  work  may  be  greater,  though  the  share  borne  by 
each  (juantity  of  blood  is  less. 

The  gt-niTuI  utfctrts  of  dilation  are  briefly  tJiese.  Happosing 
that  the  total  quanllly  of  blood  issuing  from  the  ventricle  remains 
the  same — that  i.'i  to  say,  supposing  that  the  quantity  of  blood 
put  into  circulation  is  constant,  the  surplus  passing  through  the 
dilated  area  must  be  taken  away  from  the  rest  of  the  circuTation. 
Consequently  the  fulness  of  the  dilated  area  will  lead  to  an 
emptying  of  the  other  areas.  This  is  seen  very  clearly  when  the 
dilated  area  is  a  capacious  one.  At  the  same  time,  local  dilation 
causes  a  local  rlimiuulion  of  peripheral  resistance.  This  in  turn 
causes  a  lowering  of  the  general  arterial  pressure  ;  to  this  we 
have  already  called  attention. 

The  eflecta  of  local  constriction,  similarly  local  and  general, 
are  naturally  the  reverse  of  those  of  dilation.  In  the  vascular 
area  directly  affected,  le-sft  blood  passes  through  the  capillaries 
in  a  given  time,  aud  in  consequence  less  total  interchange 
between  the  blood  and  the  tissues  takes  place,  though  each  unit- 
volume  of  blood  which  does  pass  through  is  more  deeply  affected. 
The  blood-pressure  in  the  corresponding  arteries  is  increased, 
and,  if  the  area  be  large,  the  pressure  in  even  distant  arteries 
may  l>e  heightened. 

Thus,  to  indicate  results  in  a  general  manner,  local  dilation 
encourages  a  copious  flow  of  blood  through  the  area  where  the 
dilation  is  taking  olace,  and,  by  reducing  the  blotMlpressure, 
hinders  the  flow  of  blood  into  other  ^reM.  UiQoX  ctmsiriction, 
on  the  other  hand,  lessens  the  flow  of  Wood  vn  the  particular 
area,  aud  by  heightening  the  bloo<l-pr^UTe  t««da  lo  throw  the 
maas  of  the  blood  on  to  other  areas.     x±  euoe  the  Rreat  reguladve 
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value  of  the  vnao-n)i>tor  system.  By  aiignicDting  or  inhibilury 
infiueDces  (constrictor  or  diluting)  applied  either  to  peripheral 
meehanisms  or  to  ccrebro-Bpiual  ceiilrea,  and  called  forth  by 
atimuli  either  intrinsic  and  ueling  throu^li  the  hlood.  or  extrinaic 
and  acting  through  nervous  tracta,  the  aupply  of  blixid  to  this  or 
that  organ  or  tissue  may  i)e  iucreaaeii  or  reduced  ;  the  surplus 
or  deficit  being  carried  away  to,  or  brought  up  from,  either  the 
rest  of  the  body  generally  ur  some  other  special  orgau  or  tiaaue. 


Sec.  6.— Changb?  in  the  Capilt.ahy  Districts. 

We  have  already  seen  (p.  ITil;  that  the  eajiillary  channels 
vary  very  much  in  width  from  time  to  lime;  but  the  capillaries 
do  not^  like  the  arlerien,  po&sese  u  iliHtiucl  nuiRCular  coat,  and  the 
mechaoiam  by  which  they  are  brought,  now  to  a  dilated,  now  to 
a  constricted  condition  has  not  been  worked  out  so  thoroughly 
as  in  the  case  of  the  arteries.  On  the  one  hand  there  can  be  no 
doubt  that  the  changes  iu  their  calibre  are,  in  purl,  of  a  passive 
nature.  They  arc  expanded  when  a  large  supply  of  blood 
reaches  them  thnmgh  the  supplying  arteries,  aud,  by  virtue  of 
their  elneticity,  shrink  again  when  the  supply  is  lessened  or 
withdrawn. 

Ou  the  other  hand,  there  is  au  increasing  amount  of  evidence 
that  the  capillary  walls  are  really  contractile.  The  coualituent 
epithelioiii  cells  have  been  seen  to  change  tlieir  form  under  the 
influence  of  stimuli ;  and  there  is  much  reason  for  believing  that 
the  calibre  of  a  capillary  canal  may  vary,  quite  independently  of 
the  arterial  supply  or  the  venuua  uuttlow,  iu  consequence  of 
changes  in  form  of  the  epithelioid  cells,  allied  to  the  changes  iu  a 
muscle-Obre  or  muscle  cell  whlcli  c(*ustitute  a  contraction. 
Though  the  matter  requires  further  investigation,  it  is  probable 
that  these  active  chants  play  an  important  part  iu  determiuiiig 
the  quantity  of  blooo  jiassing  through  a  capillary  area  ;  but 
there  is  as  yet  no  evidence  that  they,  like  the  corresponding 
changes  in  the  arteries,  are  governed  by  the  nervous  system. 

Over  and  above  these  changes  of  form,  the  capillaries  and 
minute  vessels  al&o  |>o»h«8  other  active  properties,  which  cause 
them  to  play  an  important  part  in  the  work  of  the  circulation. 
They  are  concerned!  in  assisting  to  maintain  a  vital  equilibrium 
between  the  intravascular  blood  aud  the  extra-vas;culur  tissue,  au 
'equilibrium  which  is  the  central  fact  of  a  n(krma]  capillary  cir- 
xulatiou,  of  a  normal  interchange  between  the  blood  and  the 
tissue,  and  thus  of  a  normal  lite  of  the  tissue.  The  existence  of 
this  equilibrium  is  best  shown  when  it  is  overthrown  or  modified, 

in  inflammation  and  allied  conditions. 
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It*  au  irrilaol,  such  aa  a  drop  of  chloroform  or  ft  little  diluted 
oil  of  miiatard,  be  applieii  to  a  small  portion  of  u  frog's  web,  a 
frog'a  tongue,  or  some  other  transjmreiit  tissue,  the  following 
changes  may  be  observed  uuder  the  microscope.  The  flrat  effect 
that  is  noticed  is  a  dilation  of  the  arteries,  accompauied  by  a 
quickening  of  the  etream.  The  capillaries  become  filled  with 
corpuscles,  and  many  passages,  previously  invisible  or  nearly  so 
on  account  of  their  containing  no  corpuscles,  now  come  into  view. 
The  veins  at  the  same  time  appear  enlarged  and  full.  The  in- 
crease of  width  is  moat  marked  in  the  arteries,  next  so  in  the 
veins,  and  least  of  all  in  the  capillaries.  If  thesLiiouhis  be  very 
alight,  this  may  all  ]ia.ssi  away,  the  artericH  gaining  their  normal 
oouslrJctioii,  and  the  capillaries  and  veins  returning  to  their 
normal  condition;  in  other  word."*,  the  I'fTcct  of  the  stimulus  in 
such  a  case  is  siniply  a  temporary  blush.  Unless,  however,  the 
chloroform  or  mustani  be  apjdied  witli  especial  care,  the  effects 
are  much  more  profound  and  lasting,  lu  the  caae  of  the  frog's 
web  a  couditi<m  is  set  up  known  under  the  niime  of  #^x«t«.  This 
has  been  considered  ns  [nerely  »  pimsc  nf  iuMartinuition,  since  in 
the  frog's  web,  in  which  inflammation  liur-  beta  largely  studied, 
the  agents  whioli  pnxluce  inflammation  I'rpquenily  produce 
fttasis.  But  in  the  frog's  tongue,  and  elsewhere,  true  iunamma- 
tiun  may  be  set  up  aud  produce  ah  its  resultift  witliout  any  stasis 
making  its  ajipearance;  and  though  the  two  C(tnditi<ins  are  in 
several  respects  similar,  they  appear  to  be  distinct;  stasis  being 
the  result  of  the  profounder  action  of  the  irritant,  and  the  fore- 
runner of  lonil  death  or  necrosis. 

It  is  this  btasiij  which  particularly  illuslrates  the  points  to 
which  we  wish  to  call  attention.  \Vhen,  as  the  result  of  the 
irritant,  the  initial  blush  pasties  into  stanis^  the  following  events 
may  bo  ob8erve<l :  The  quickening  of  the  stream  gives  way  to  a 
slackening;  this  is  nut  *lue  to  any  returning  constriction  of  the 
arteries,  for  they  still  ctmtinue  dilated.  It  will  further  be  ob- 
served that  the  red  blood  corpuscles,  instead  of  beiug  in  the  larger 
capillaries  and  smaller  arteries  and  veins  confined  to  the  axial 
stream,  arc  diffused  and^  indeed,  crowded  over  the  whole  width 
of  the  channels.  The  capillaries  and  veins  gel  more  and  more 
crowded  with  corpuscles,  the  white  corpuscles  being  scattered 
irregularly  among  the  more  numerous  red  ones  ;  and,  though  the 
channels  get  wider  and  wider,  becoming  frequently  even  enor- 
mously distended,  the  stream  Ix-comes  slower  and  slower,  until  at 
last  the  movement  of  the  blo<Hl  in  the  affected  area  ceases  aho- 

f ether.     The  phase  of  arceleraled  flow  hiis  given  plnce  to  stasis, 
'he  capillaries,  veins, and  small  arteries  are  choked  with  corpus- 
cles, a*"*  ■'  ■™*v  nriw  bo  remarked  that  the  red  corpuscles  seem  to 
«^iroutliuesare  no  longer  ditttinguishable  : 
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they  appear  tu  have  become  fused  ialo  a  homogeneous  riiase. 
Except  in  coses  where  the  slimiilus  pro<lLice8  permanent  mischief, 
this  peculiar  comJition  after  a  while  subsides.  The  outlines  of 
the  corpuscles  become  once  more  distiuct,  those  on  the  venous 
siije  of  the  block  j^radually  drop  away  into  the  neitfhbttring 
currenla,  little  by  little  the  whole  ob-itruction  is  removed,  the 
current  through  I  he  area  is  reestablished,  and  though  the 
arteries  and  capillaries  reniaio  dilated  for  some  considerable 
time,  they  eventually  return  to  their  normal  calibre. 

The  stasis,  the  arrest  of  the  current  here  seen,  is  not  due  to 
any  lesseninj?  of  the  heart's  heat;  the  arterial  pulsations,  or  at 
least  the  arterial  fi'»w,  may  l)e  seen  to  be  continued  down  to  the 
aSected  urea,  and  there  in  cease  very  suddenly.  IL  ia  not  due 
to  any  increase  of  peripheral  resiatance  csiiaod  by  citnatrictitm  of 
the  small  arteries,  for  these  coDtiuuc  dilated  rather  than  con- 
stricted. It  must  therefore  be  due  to  some  new  nod  unuftual 
resistance  occurring  in  the  capillary  area  itself  The  increase 
of  resistance  is  not  caused  by  any  change  confined  to  the  cor- 
puscles themselves;  for  if  after  a  temporary  delay  one  set  of 
corpuscles  has  manage^l  to  pass  away  from  the  alTected  area,  the 
next  set  of  corpuscles  ia  subjected  to  the  same  delay  ftn<l  the 
same  apparent  fusion.  The  cause  of  the  resistance  must  there- 
fore lie  in  the  capillary  walls,  or  in  the  tissue  of  which  they 
form  a  part.  We  are  driven  to  conclude  that  the  walls  of  the 
capillaries  (and  of  the  other  vessels)  exert  in  health  a  certain 
attraction  *>n  the  corpuscles,  maintain  a  certain  adhesiveness 
between  them  and  tliemselves.  thereby  determining  tlie  normal 
flow,  with  its  axial  stream  and  planinatie  layer,  and  offering  a 
normal  resistance  Uy  the  pressure  of  the  arterial  system  ;  and 
that  in  stasis,  for  reasons  which  we  cannot  as  yet  explain,  this 
attracti<fn.  this  adhesiveness  is  largely  and  progressively  in- 
creased. Hence  the  early  disappearance  of  the  distinction 
between  the  axial  stream  ami  plasmatic  layer,  the  tarrying  of 
the  cor|)uaclea  in  sjiite  of  the  widt^ning  of  their  |>ath.  and  finally 
their  agglomeration  and  fusion  in  the  even  enormously  distended 
channels. 

That  the  increased  adhesion  is  due  to  thu  vascular  walla  and 
not  primarily  to  the  corpuscles  themselves  is  further  shown  by 
the  fact  that  if  In  the  frog,  an  artitieiul  blood  of  normal  saline 
solution  to  which  milk  has  been  adileri  boBubalituted  for  normal 
blood,  a  stasis  may  by  irritants  be  induced  in  which  oil-glr>bules 
play  the  part  of  corpusclos,  and  hy  their  aggregation  bring 
abfmt  an  arrest  of  tlie  flow  through  the  capillaries. 

In  true  inflammation  the  cours*^  of  events  is  different.  The 
ve»elfl  become  dilated,  but  the  hiss  of  distinction  between  the 
axial  stream  and  the  plasmatic  layer  does  not  uccur^     On  the 
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contrary  the  plaeinatic  layer  appears  even  more  fitriking  on 
account  of  the  large  numl)er  of  white  cnrpueclei*  which  gather  in 
it  and  become  adherent  to  the  inner  surface  of  tlie  walls  of  the 
veinsi  and  venous  capillaries.  In  the  normal  circulation  only  a 
few  white  corpuscles  are  from  time  to  lime  seen  in  this  situation 
slowly  moviuj:  ou  iu  jerks  ;  but  now  the  walls  of  the  veins  seem 
to  be  more  and  more  thickly  lined  with  white  corpuscles,  which 
are  at  first  completely  stationary.  At  the  same  time  while 
corpuscles  become  also  very  abundant  in  the  capillaries.  Very 
600U  these  white  corpusclts  may  be  seen,  either  through  stomata 
at  the  juncti<ma  of  the  epithelioid  cells  forming  the  lining  of  the 
vessels,  or  by  temporary  breaches  which  are  rapidly  repaired, 
making  their  way  through  the  walls  of  the  veins  and  capiUnriefl, 
and  escaping  into  tlu*  siirronndiug  tissues.  Through  the  walls 
of  the  capillarioM  and  smaller  veinlets,  red  corpuscles  pass  as 
well  as  white.  And  this  takes  place  to  such  an  extent  that 
very  soon  the  tissue  around  the  veins  and  capillaries  becomes 
crowded  with  white  corjmscles,  and  to  a  less  extent  with  red 
corpuscles  which  have  made  their  way  out  of  the  vessels.  At 
the  same  lime  a  large  quantity  of  coagulable  lyniph,  which  since 
it  appears  also  to  have  passpil  from  the  blood-stream  through 
the  walls  of  the  bloodvessels  is  spoken  of  as  exudation,  makes 
its  appearance  in  the  interstices  of  the  inflamefl  tissue.  While 
however  these  changes  arc  going  on  there  is  nut,  as  in  stasis,  a 
delay  and  final  arrest  of  the  bhiod-stream.  On  the  contrary,  the 
How  through  the  widened  channels  continues  during  the  whole 
time  to  remain  accelerated.  By  comparing  the  ouiilow  from 
the  veins  of  the  inflamed  foot  of  a  dog,  with  the  (Uitflow  from  the 
veins  of  the  healthy  i^.iot,  it  has  been  ascertained  that  a  larger 
quantity  of  blood  passes  through  the  inflamed  foot  than  through 
the  healthy  foot  in  the  same  time. 

We  must  not  however  pursue  this  subject  of  iullammation  any 
further.  We  have  simply  brought  it  forward  as  affording 
another  illustration  of  the  action  of  the  walls  of  the  bloodveseels  j 
for,  though  the  matter  is  perhaps  not  definitely  settled,  it  seems 
probable  that  the  aggregation,  in  inflammation,  of  the  white 
corpust^-les  upon  the  lining  surface  of  the  vessels  is  due  to  a 
special  attraction  which  the  blo<Mlvei?sel8  exert  on  the  white 
corpuscles,  without  producing  that  general  adhesion  of  all  the 
oorpuBclcs  which  is  the  mark  of  stasis,  and  that  the  migration  uf 
the  corpuscles  is  also  at  least  facilitated  by  similar  intrinsic 
changes  in  the  vascular  walls. 

We  cannot  say  at  present  whether  the  vascular  walls  are  also 
capable  of  modifying  the  passage  of  the  fluiti  parts  as  dis- 
tinguished from  the  corpuftcular  elements  of  the  bliMtd,  though 
we  know  by  experiment  that  the  flow  of  fluid  through  mpillnry 


[        tube«  mai 
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tube«  may  he  tnoilifiefl  on  the  ooe  hand  by  chaoges  in  the  sub- 
8UiD0ti  of  whifh  Ihe  tuhos  are  conipoee*!,  and  on  the  other  hand 
by  changes  iu  the  chemical  nature  (even  independent  of  the 
8j>eoific  gravity)  of  the  fluid  which  ia  used.  We  have  said 
enough  to  Bhow  that  the  peripheral  reaistance  in  the  capillaries 
(and  conseouently  all  that  clepends  ou  that  peripheral  resistance) 
is  not  merely  a  matter  of  the  mechanical  friction  of  the  bU>od 
against  the  smooth  walls  of  the  bloodvessels,  but  is  concerned 
with  the  vital  Ciimlitiou  uf  the  tissues.  When  the  tissue  is  in 
health,  a  certain  resistance  is  offered  to  the  passage  of  blood 
through  the  capillaries,  and  the  whole  vascular  mechanism  ia 
adapte<I  to  overcome  tnis  reaistauce  to  such  an  extent  that  a 
normal  circulation  can  lake  place.  When  the  tissue  becomes 
aftecteil,  the  disturbance  of  the  e<)uilibrium  between  the  tissue 
and  the  blood  may,  as  iu  inHamnmtiun,  so  modify  the  flow  as  to 
lead  to  the  abnormal  escape  from  the  blood  of  various  constilu- 
ents,  or,  as  iu  stattis,  so  augment  the  resistance  that  the  passage 
of  the  blood  becomes  diflicult  or  impo8j*ible.  And  it  is  quite 
open  to  us  to  suppose  that  there  are  conditions  the  reverse  of 
stasis,  in  which  the  resistance  may  be  h»wered  below  the  normal, 
and  the  circulation  in  the  area  quickcucd. 

Thus  the  vital  condition  of  the  tissue  becoiaes  a  factor  in  the 
maintenance  of  the  circulation;  and  it  is  possible,  though  not 
yet  proved,  that  these  vital  conditions  are  directly  under  the 
dominion  of  the  nervous  system. 

!l  if*  pprhnps  hardly  neco^gflry  to  ubserve  thnt  Iho  eoDsidenitions  iir«;tHl 
alx've  urr  quite  distinct  from  wfutt  is  ik>metimossp(>ken  ofiiiider  the  nuine 
of  "ciipillarj'"  force,  iii<  an  ugcnt  "f  the  cirtulstion.  I!"  by  capilUry 
force  it  is  intcnd<Hl  to  rofor  to  the  ri*«  "l"  tJuids  in  capillary  tubes,  it  is 
cvidnnt  that  ^inccsuch  |ihoi)'Mt)ciiH  nro  the  rciiulli  otndhriiions,  capillarity 
can  only  be  h  j;rt'uter  or  less  hindrance  lo  the  tlow  of  blood,  seeing  that 
Ihii*  is  pp'pfllwl  by  a  forco  (thf  heart's  boat  I  which  baa  Ijoou  proved  by 
ex|KTirMcni  to  be  equal  to  the  Uisk  of  driving  the  blo^d  from  ventricle  to 
fturiglt*  thr«.ini:h  llu*  capillary  region?.  If  by  capilhiry  f"rco  it  is  meant 
that  the  tissue*  have  jsome  vititl  pnwor  of  withdritwintr  th«  Miiid  jiarts  of 
the  bl«MMl  from  the  sinali  iirlcrion  and  thus  of  aMit^lin^  an  onward  tlow,  it 
bvcnrnuA  nec«y(urc  also  t  >  a.^ume  that  ihoy  have  as  well  the  p<»wpr  of 
returning  the  fluid  parU)  to  the  veins.  Both  the&e  abjiumptions are  unnec- 
veaMwy  and  without  foundation. 


Seo.  7. — Chaxoes  in  TiiK  Qi'ANTrrY  OF  Blood. 

In  an  artiflcinl  scheme,  changes  in  the  total  quantity  of  fluid 
in  circulation  will  have  an  immediate  and  direct  efl'ect  on  the 
arterial  pressure,  increase  of  the  quantity  heightening,  and  dc- 
creaae  diminishing,  it.  This  effect  will  be  produced  partly  by 
the  pump  being  more  or  less  flUed  at  each  stroke,  and  partly  by 
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the  peripheral  resiBUince  being  increased  or  liiminished  by  the 

;ater  or  Ices  fulness  of  tlic  siiiull  peripheral  chunnelH.  The 
Tenoua  pressure  will,  under  alt  circumstances,  be  raised  with  the 
iDcreiiiie  of  fluid,  but  the  arterial  pressure  will  be  raised  in  pro- 
portion only  so  long  as  the  elastic  walls  of  the  arterial  tubes  are 
able  to  exert  their  elasticity. 

In  the  natural  circulation,  the  direct  reaults  of  chanj^e  of 
quantity  are  obscured  by  coni[>en8atory  arrangements.  Thus, 
experiment  shows  that  when  an  animal  with  normal  blood- 
pressure  is  bled  from  one  carotid,  the  pressure  in  the  other 
carotid  sinks  so  long  as  the  bl<.-'e<Hng  is  going  on,'  and  remainB 
depressed  for  a  brief  period  after  thelhleeding  has  ceased.  In  a 
short  lime,  however,  it  regains  or  nearly  regains  the  normal 
height.  This  recovery  of  blood-pressure,  after  hemorrhage,  is 
witnessed  so  long  as  the  loss  of  blood  does  not  amount  to  more 
than  about  3  per  cent,  of  the  btKly-weight.  Beyond  that,  a  large 
and  frequently  a  sudden  dangerous  permanent  depressina  is 
observed. 

The  resUiration  of  the  pressure  after  the  cessation  of  the  bleed- 
ing is  too  rapid  to  permit  us  to  suppose  that  the  quantity  of  fluid 
in  the  bloodvessels  is  repaired  by  the  withdrawal  id'  lymph  from 
the  extra-vnscular  elements  of  the  tissues.  In  all  prol)ability  the 
result  is  gained  by  au  increased  action  of  the  vasomotor  nerves, 
increasing  the  peripheral  resistance,  the  vaao-niot4)r  centres  being 
thrown  into  increased  action  by  the  diminution  of  their  blood- 
supply.  When  the  loss  of  blooil  has  gone  beyond  a  certain 
limit,  this  vaso-motor  action  is  insutficient  to  compensate  the 
diminished  quantity  ([>ossibly  the  vaso-motor  centres  in  part 
become  exhausted),  and  a  considerable  depression  takt-s  place; 
but  at  this  ejmch  the  loss  of  blood  frequently  causes  amemic  con- 
vulsions. 

Similarly,  when  an  additional  quantity  of  blood  is  injected 
into  the  vessels,  no  marketl  increase  of  bloo<l- pressure  is  observed 
so  long  as  the  vaso-motor  centre  in  the  medulla  oblongata  ia 
intact.  If,  however,  the  cervical  spinal  cnrd  be  divided  previous 
to  the  injection,  the  pressure,  which  on  account  of  the  removal 
of  the  medullary  vaso-motor  centre,  is  very  low,  is  permanently 
raised  bv  the  injection  of  blor«J.  At  each  injection  the  pressure 
rises,  falls  somewhat  afterwards,  but  eventually  remnins  at  a 
higher  level  than  before.  This  rise  continues  until  the  amount 
of  blood  in  the  vt^ssels  nbove  the  normal  quantity  reaches  from  2 
to  3  per  cent,  of  the  body-weight.  Beyond  this  point  there  is  no 
further  rise  of  pressure. 

I  Chicftj  in  tonnequMica  uf  free  ofioninj;  in  lb«  vo»i<e1  fmm  winch  iho  blccdiog 
in  golnjcon,  eutllDg  uff  m  gT«ftt  4le«l  of  the  |t«ripbttnLl  re*Ut»iie#,  uml  lo  l«uUiD){ 
t<i  »  general  loireriog  of  lb«  bloud-prmaurv, 


RELATIONS    OK    THIi:    VASCULAR    FACTORS.      271 


These  facta  show,  in  the  firet  place,  that  when  the  volume  of 
the  bloofi  is  increased,  coiopeugation  is  offcctetl  Uy  a  leesening  of 
the  jteripheral  rosistuncc  by  nicanrt  of  a  VHsii-ililiUor  action  of  tlie 
vascv-motor  reulrcs.  so  that  the  normal  blootl-pressure  remains 
constant.  They  further  show  that  a  much  greater  quantity  of 
blood  can  be  lodged  in  the  bloodvessels  than  is  normally  present 
in  them.  Timt  the  additional  i|uautity  injected  does  remain  in 
the  vessels  is  [.roved  by  the  nhsence  of  cxtravnsationg,  and  of  any 
considerable  increase  of  the  extra-vascular  lymphatic  fluids.  It 
has  already  been  iusisLed  that,  in  health,  the  veins  and  capillaries 
must  be  regarded  as  being  far  from  filled,  for  were  they  to  receive 
all  the  bloo<l  which  they  can,  even  at  a  low  pre^Bure,  hold,  the 
whole  quantity  of  blood  in  the  body  would  be  lodged  in  them 
alone.  In  these  cases  of  large  addition  of  blood,  the  extra 
quantity  ap|)ears  to  be  lodged  in  the  small  vcin.s  and  capillaries 
(especially  of  the  internal  organs),  which  are  abnormally  dis- 
tended to  contain  the  surplus. 

We  learn  frmii  these  fuels  the  two  practical  lessons,  first,  that 
blooil-preeaure  cannot  be  lowered  directly  by  bleedini^,  unless  the 
quantity  removed  be  dangerously  large;  an<i,8ecnndly,ihal  there 
is  no  necessary  connection  between  a  high  blood-[ire8sure  and 
fulness  of  blood,  or  plethora,  since  an  enormous  (juanlity  of  blood 
may  be  driven  into  the  vessels  without  any  marked  rise  of 
preHSure. 


8. — The  Mutual  Relatfons  ani»  the  Co-ordination  op 
THE  Vascular  Facixjrs. 


The  foregoing  considerations  show  how  complicated  and  sen- 
sitive, and  therefore  how  useful,  is  the  vascular  mechanism.  It 
may  be  worth  while  briefly  to  summarize  the  relations  of  the 
ditfereut  factors,  and  to  point  out  the  manner  in  which  they  are 
made  to  work  in  harmony  for  the  good  of  the  body. 

Two  facts  stand  out  prominent  above  all  others ;  (I)  the  heart's 
beat  may  be  made  slow  by  vagus  inhibition,  and,  on  the  nther 
hand,  quickened  either  by  withdrawal  of  the  constant  inhibitory 
influence  exercised  by  the  cardio-inhihitory  centre,  or  by  the 
direct  action  of  accelerating  mechanisms.  (2)  The  peripheral 
resistance  may  be  increased  or  diminished,  the  increase  aud  de- 
crease being  Jue  either  to  increased  or  diminished  action  (tf  the 
vaBo-motor  centres  which  preside  over  arterial  tone,  or  to  the 

ion  of  special  constrictor  or  dilator  fibres. 

These  two  facts  are,  by  the  me<iiation  of  the  nervous  system, 
placed  in  mutual  regulative  dependence  on  each  other.  Thus,  if 
with  a  given    peripheral  resistance,  and    proportionate  blood- 


272 


THE    VASCU'LAR    ICSCHANISM. 


pressure,  the  heart  begins  to  beat  violently,  afferent  impulses 
passing  up  the  depressor  nerves  diminish  peripheral  resistance 
(by  opening  the  i^plancbnic  flf)od-gaif«),  and  prevent  the  rise  of 
blood-pressure  which  would  utherwiise  take  place.  In  this  way  a 
delicate  organ — such,  lor  inatauee,  as  the  retina — is  sbeltereil 
frtyfa  the  turbulence  of  the  heart  by  the  flow  of  blood  being 
diverted  to  the  less  noble  organs  of  the  abdomen.  Conversely, 
if  peripheral  resistance  He  in  any  area  increased,  the  general 
blood-pressure  is  prevented  from  rising  too  high  by  reason  of  the 
actual  increase  ot*  blood-pressure  so  affecting  the  medulla,  that 
inhibitory  impulses  descend  the  vagus,  and,  by  proilucing  a  less 
frequent,  [xissibly  a  weaker  pulse,  tone  down  the  distention  of 
the  arteries. 

The  more  we  learn  of  the  working  of  the  body,  the  more  aware 
we  become  of  the  fact  that  it  is  crowded  with  regulative  and 
compensatiug  arrangements  no  less  striking  and  exquitiite  than 
the  two  we  have  just  described.  Some  of  these  will  be  seen  in 
the  following  almost  tabular  statement  of  the  various  modifica- 
tions of  the  vascular  factors,  and  of  their  causes: 

A.  The  Beai  of  (he  Heart  is  affected 

1.  By  the  amount  of  distention  of  the  ventricular  cavities  pre- 
ceding the  systole.     This  will  depend  on 

a.  The  quantity  of  blood  reaching  the  heart  and  passing  into 
its  cavities  during  the  diastole.  This,  in  turn,  is  determined  by 
the  flow  of  blood  through  the  veins,  the  flow  itself  being  influ- 
enced by  the  arterial  pre««ure,  resj)iratory  movements,  etc, 

b.  The  force  of  the  auricular  contractions. 

c.  The  amount  of  resistance  which  has  to  be  overcome  by  the 
systole.  This  is  determined  by  the  me4in  arterial  pressure,  and 
is  influenced  by  everything  which  influences  that. 

2.  Ky  the  quantity  of  the  blood  passing  through  the  coronary 
arteries.  In  the  frog  the  thin  walla  of  the  auricle  and  the  spongy 
texture  of  the  ventricle  permit  the  nourishment  of  the  cardiac 
substance  to  be  carried  on  by  direct  contact  with  the  blood  in 
tbe  cavities.  In  mammals  this  mode  of  nutrition  must  be  insig- 
DificaDt.  In  them  the  condition  of  the  cardiac  muscles  and 
nervous  appendages  depends  almoet  exclusively  on  the  bt(x>d 
dislributefi  by  the  eorounry  arteries.  The  coronary  circulation, 
however,  is  j>ecnliar,  and  Is  largely  determined  by  the  action  of 
tbe  heart  it«elf. 

3.  By  the  quAVny  of  the  blnod  pgsmn^  through  the  coronary 
arteries',  and  acting  upon  sim/»/y  (ij«^  muscular  li^ue.  or  upon  the 
various  nervous  mocnanisms,  nr  ».. — kiQ  bvilb.    This  isillustiated 


by  the  action  of  p^^ixoos.     The^^.-^uW^^^^^'^y*^  reUiions  of  the 


normal,  and  ihe  prtsomv  of  ubtu]^  *^^vtt\,c"n»lHuenU  of  tbe  blood, 
of  aeceenity  protmadiy  afTa^J'^  jXVV*i^**^^'*  »*^^- 
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Through  the  inhibitory  fibres  of  the  vagus. 

a.  By  the  blood  directly  stimuluLing  the  cmlings  of  the  VRgiis 
fibres.     This  is  only  seen  in  tbe  eai*e  t»f  poisons. 

6.  By  the  bloml  directly  nfleelinj;  the  cardio  inhibitory  centre 
in  the  medulla  oblongata,  either  positively  by  augraentiDg  the 
ntirmal  inhibitory  influenza,  and  eo  slowing  the  heart,  or  nega- 
tively by  depressing  thoee  iuHuenccB,  and  so  quickening  the 
heart. 

c  By  reflex  stimulation  of  the  same  centre.  Caaea  of  exalta- 
tion through  redox  stimulation  have  already  been  quoted. 
Instances  of  depression  leading  to  quickening  of  the  heart's  beat 
are  not  so  clear.  The  afferent  impulses  may  be  started  in  any 
part  of  the  botly  ;  but,  as  we  have  seen,  therf  seems  to  be  a  special 
connection  between  this  centre  and  the  alimentary  canal. 

5.  By  the  accelerator  uerves.  We  have,  however,  at  present 
no  very  satisfactory  evidence  of  the  natural  activity  of  these 
nerves. 

B.  The  Peripheral  Resistance  is  affected — 

1.  By  the  vital — i.e.,  the  nutritive — condition  of  the  tissue  of 
the  part.     This  is  again  influenced  by 

a.  The  qualitv  (and  quantity?)  of  the  bUxMl  brought  to  it. 
h.  Through   t\ie  agency  of  the  nervous  system,  as  is  seen  in 
cases  of  inflammation  caused  by  nervous  influences. 
Both  these  points  are  very  obscure. 

2.  By  the^varying  calibre  (constriction,  dilation)  of  the  minute 
arteries,  brought  about 

fl.  By  the  blood  or  other  stimulus  acting  directly  on  the 
peripheral  vaso-motor  n»cchau*ism. 

h.  By  the  blood  or  other  stimulus  acting  directly  on  the  vaso- 
motor centres  in  the  central  nervous  system. 

r.  By  reflex  stimulation  of  the  va8f)-motor  centres. 

d.  By  the  quantity  of  blood  supplied  to  the  vaso-molor  centre, 
this  being  in  turn  dependent  on  the  blood-preaaure  in  the  arterites 
supplying  the  centre.  Thus,  a  regulative  mechanism  is  estab- 
]iflne<l  for  cases  when  the  quantity  of  blood,  as  <U8tinguished  from 
its  quality,  is  change*!  (^see  p.  271). 

Through  these  intricate  tics  it  comes  to  pass  that  au  event 
which  takt's  place  in  one  part  of  the  bfwly  is  felt,  to  a  greater  or 
leas  extent,  by  all  parts.  To  take  a  simple  inst4ince :  a  change 
in  the  condition  « if  the  skin  at  any  one  8|>ot,  such  a.s  that  produced 
by  the  application  of  cold  or  heat,  may  lead. 

".  By  direct  lt)cal  action  to  a  constriction  or  dilation  of  the 
vessels  of  the  part,  giving  rise  to  local  pallor  or  suffusion. 

/^.  By  reflex  action  through  the  central  nervous  system,  to  an 
incre^Be  of  the  same  local  effects,  and  in  addititm  to  a  change  in 
the  calibre  of  the  bloodvessels  in  other  parts.     Tiiis  distant  reflex 
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change  mny  be  of  ihe  eame  or  the  opposite  nature  HS  the  local 

change. 

y.  By  reflex  action  to  a  (|uickening  or  slowing  of  the  heart's 
beat,  though  the  heart  is  in  this  res|M;ct  less  intimately  coonected 
with  the  skin  than  with  other  pans. 

Out  of  these  primary  elTecta  there  may  arise  secondary  effects; 
the  constriction  or  <lilatinn  produced  locally  will  aflect  the  general 
blofMi-pressure,  which  in  turn  will  produce  all  its  effects. 

The  niodificati«jns  of  the  heart's  beat  w«ll  uot  only  affect  the 
general  blood-i)ressurc,  but  in  a  reflex  manner  may  affect  the 
peri[>heral  resistance,  and  hence  the  flo\y  of  bl'Mxi  in  particular 
areas  (c.  (7.,  the  splanchnic  area).  The  niodiliciUions  of  the  flow 
through  the  area  directly,  and  also  througli  those  secoudurily, 
affected,  will  influence  the  tenijKjrature  and  chemical  changes  of 
the  blood,  and  variationg  in  these  will,  in  turn,  produce  their 
eflecls  everywhere.     And  eo  nn. 

On  the  other  hand,  the  turhuU'nco  which  wmild  be  the  natural 
outcome  of  all  these  events  is  softene*!  down,  by  the  compensating 
effects  of  which  we  have  spoken,  into  the  smoritline.^  which  we 
call  health.  Still,  the  greatness  of  the  possibiliticH  of  change 
which  lie  hiildeu  in  the  body  are  clwirly  enough  shown  by  the 
violence  of  dispense,  when  compensation  fails  of  accomplishment. 


BOOK    11. 

THE  TISSUES  OF  CHEMICAL  ACTION  WITH  THHK  RE- 
SPECTIVE MECHANISMS-NUTRITION. 


CHAPTER    1 


[THE  EPITHELIA. 

TiTK  epithelia  are  found  in  the  binlv  as  single  or  multiple 
layers  of  nucleate*!  protophiBrnic  cells.  Tlicy  have  a  large  area 
of  distributiou  iu  the  ecuuonty,  and  pluy  a  vi-ry  i[n|>urlaut  part 
in  many  of  the   vital   processes.     These  cells  are  more  ur  less 

Fio.  87. 


iTiu.  CM. — Kraciunnte  of  Kiililu'liuui  FhOM  ■  Hi-rniu  M(>miiniit«  (pi-riioDi'mn)      M«giiin«>il  410 
diAUi.    a,  rt'll  -,  b,  iint-ViM  :  r,  ntK-liiiih.     IIknli!. 

ITir..  W7  — Kpltlivliuni  ttmlna  fmiii  ())f  iii«((K<  ut  titv  Sluiitb.     )timiitnc«1  2'>)  iMlUll.      HtDOE. 

mudiBed  in  furui  and  structure  in  the  different  epithelia^  and 
80  diffbrcntiated  in  their  "am(ebiform  units"  as  to  perform  very 
diverse  functions. 

They  have  been  divided  into  four  principal  varieties,  distin- 
guished by  certain  characteristic  appearances  of  the  cells.     They 
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are  generally  known  as  pavemeniy  teMedatedt  or  eijuamoue;  oo/- 
ttmnar  or  cyiindrirni ;  d/utted ;  nnd  npfieroirlnl  (^pitheWsi. 

Pavem^^nt,  teifsclittted,  <»r  vf/uammm  e|)itheliiHn  is  Ibuntl  widel^k' 
(listribulod,  farming  the  epidermal  wivering,  ihc  lining  tif  the 
bluiKJveastls,  serous  sues,  many  '>f  the  mncous  ruenihnuies.  etc. 
This  form  oi'  epilliL'liuin  eoiii*isl9  of  irregular,  |>o]yg'Hial,  flul- 
tened  cells,  which  are  overlapped,  or  more  or  lead  merged  into 
each  other  at  tlieir  edges.     (Figa.  8*>  aud  87.) 

Fio  88. 


I'ti.isinKK-Ai.  KttTMiu-irJi  rutM  IxTturriKAi.  Vnxw  ur  a  lunniT.    MnjtiilHrtl  inn  tUiun, 
Aftrr  Koii.iiiiu. 

Oolunitiar  or  cylindrical  epithelium  (Fig.  88)  is  found  iu  the 
form  of  elougal-ed  cvlindrical  cells,  which  are  nn>re  or  less 
angular  on  their  gities  from  mutual  (•onipreesion ;  they  are 
placed  parallel  with  each  other,  and  vertically  on  the  basement 


<.'lLIATEIt  KflTIIKLIta  ritoM  Tda<.yika.      MxiCliiriril. 
rt,  luuM'nxinl  tiir>ml>nino  ;  h,  r,  rl,  rrlls  Itl  tllo  wvend  ffL)|p.yi  uf  il4ivrlu|>in<.'Ot,  nit'l  wkkli  wiU 

wltl  Im-  Hirowii  "(T;  •-.  -tU't^r  hilly  i\t^vt'Ui\nti  r>'IU. 


membruue.  This  form  of  epithelium  is  found  priucipHlly  hk  a 
lining  of  the  mucous  membrane  of  the  gastnvintcstinal  tract, 
and  of  many  of  the  duct^. 

CilitiUtd  epithelium   (^Fig.  89)  usually  is  found   in  a  form 


EH1THKI.1UM 


277 


similar  to  that  of  the  oolumnAr  variety.  These  cells  have  pro- 
jecting from  their  free  extreiiiilieo  very  numerous  hnir-like  bodies 
or  cilia.  If  these  cells  are  examined  with  a  micrcscope  during 
life  or  immediately  alter  tleaih,  the  cilia  will  be  seen  U*  be  in  a 
state  of  constant  vibratric  motion.  This  form  of  epithelium  is 
found  in  the  greater  portion  of  the  respiratory  tract,  in  the 
Fallopian  tubes,  etc. 

Spheroidal  or  glandular  {F'\^.  \)S)  epithelium  is  in  the  form  of 
somewhat  globular  or  spheruidal  cells,  which  are  more  or  less 
angular  on  their  pidea,  from  compression  of  adjoining  cells. 
This  epithelium  is  found  principally  in  the  secretory  portions  of 
the  glands,  and  in  many,  if  not  in  all  of  them,  forms  the  essential 
physiological  conslitueut. 

The  functions  of  these  different  epilhelia  are  as  diverse  as  are 
their  forms  and  structures.  Pavement  epithelium  is  so  distributed 
that  its  use  often  appears  to  be  of  a  mere  vtechanmil  or  phyificol 
character.  Tlius  in  the  skiu  it  consiets  of  numerous  etratitica- 
tions  of  cells  which  furm  a  tough,  more  or  less  impermeable 
layer,  which  proteits  the  true  skin  from  ciTeetsof  friction,  and  at 
the  same  time  protects  the  body  from  overlops  uf  water  by 
evaporation.  The  horn.'i  of  animnln,  the.  nails  and  hairs,  are  all 
randiBcatiuns  of  this  form  of  epilhelium.  In  the  bloodvessels  it 
forms  a  smooth  lining  nienif>rane  an<I  seems  to  be  endowed  with 
a  vital  property  in  j>reventing  an  intravascular  coagulation 
of  the  bUxrfl.  In  the  capillaries  it  also  plays  a  very  important 
part  in  the  interchange  of  the  secretive  and  excretive  materials 
which  are  conveyed  in  the  blood.  In  both  the  systemic  and  pul- 
monic capillaries  it  is  an  active  agent  in  the  interchange  of  gases, 
and  is,  therefore,  a  reifj/mttory  tissue.  In  the  bladder,  where  its 
form  is  souiewhat  modified,  it  forms  a  membrane  which  prevents 
the  reabaorptiou  of  urine. 

Other  epithelia,  such  as  the  spheroidal,  are  priucii>ally  secre- 
tive, and  possess  the  power  of  selecting  certain  elements  I'rom 
the  blood,  anci  by  a  process  of  meLaboIism  convert  them  into  new 
substances.  In  certain  glands  these  cells  themselves  undergo 
certain  metamorphoses  and  are  elaborated  as  elements  of  the 
secretion.  The  function  of  this  epitheliuii]  iu  some  of  the  glands 
is  exfTciory.  The  spheroidal  and  columnar  varieties  are  the 
principal  secretory  epithelia. 

AbsorjAion  is  the  principal  function  of  others.  The  intestinal 
villi,  which  are  covered  with  a  layer  of  columnar  epithelial  cells, 
are  intimately  connected  with  the  function  of  absorption.  It  is 
through  these  cells  that  the  chyle  passes  to  reach  the  lacteals,  and 
through  which  other  products  of  digestion  pass  to  reach  the 
iutestinul  capillarit*s  of  ihc  portal  vein.  The  cells  iu  this  posi- 
tion are  somewhat  moditied  by  poflseesing  a  striated  outer  surface 
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(Fig.  90).  The  stritc  were  supposed  by  some  physiologiste  to  be 
minute  canals  which  lead  into  the  intracellular  protoplasm. 
These  cells  during  tasting  contain  clear  granular  jjrotoplasm,  but 
during  digestion  they  arc  seen  to  contain  very  numerous  fat- 
globules.     They  will  be  referred  to  more  fully  hereat^er. 

The  ciliated  epilhelia  possoss  a  special  function  by  virtue  of 
their  ciliary  appendages.  In  the  respiratory  tract  they  nsaiat  in 
the  expulsion  of  mucus  an<l  foreign  bodies,  alao  in  the  expiration 

Fia.  90. 


r-  6      <t        b  < 

Sri-Tiox  or  A  Vii,i,r«  ritoii  thk  IprTKm*(r  »t  a  Vauiut. 
Mxm  9  U  tho  mdnU  rKiwl  iNniiiiliMl  oii  oltlitT  *■•■•>  \*y  (ho  UMtrlv  U,  whirli  k|pkin  U  ruTor 
lijr  t<>n)[  t-v>lilli>ii«r  ivIU  It,  potttoinlnK  a  nunlmi*  itnit  gnuinUm.     Tht  (later  siirfiuw  of  the 
In  w«u  t<>  Iw  ftrinliHl. 


of  air.     In  the  Fallopian  tubes  they  are  probably  active  agenl 
in  propelling  the  ovule  along  the  interior  of  the  tubes  to  thflj 
uterine  cavity. 

The  epithclia  have  no  bloodvessels,  and  must,  therefore,  obtaitt] 
their  nutriment  by  di^usion  from  the  ar]jnintug  tissues. 

AfVer  epithelium  cells  are  matured,  and  no  longer  capacitatedj 
for  the  perf>>rmance  of  their  proper   functions,  they  are  ca( 
otr  and   replaced   by  cells  which  are  produced   beuealh,     (f 
Fig.  89.)] 


ANATOMY    OK   THE   SALIVARY  GLANDS, 
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The  tVnHl.  in  passing  alnn^^  iho  ulitnenlary  canal,  is  subjected 
to  the  action  of  ceriaiu  juircs  ^^hic'h  are  the  pnxlucta  uf  the 
secretory  activity  of  the  epithelium  cells  of  the  ftlimentary 
mucous  memhraue  itself,  or  <»f  the  ^latidd  which  belong  to  it. 
These  juices  (vi/.,  salivn,  gastric  juice,  bile,  pancreatic  juice, 
BUCCU8  enterious.  uml  the  eecretiim  of  the  hirge  intestine),  poured 
upon  and  mingling  with  the  food,  produce  iu  it  such  changes 
that  from  being  largely  insoluble,  it  becomes  largely  soluble,  or 
otherwitic  tuodify  it  in  such  &  way  that  the  larger  part  of  what 
is  eaten  passes  into  the  bloofi,  either  <lirectty  by  means  of  tlie 
capillaries  of  the  alimentary  canal,  tir  indireelly  by  means  of  the 
lacteal  system,  while  the  smaller  pnrt  is  disrhnrged  as  excrement 

We  have,  therefore,  to  consider — 1st,  the  properties  of  the 
various  juices,  and  the  changes  they  bring  about  in  the  food 
eaten;  2d,  the  nature  of  the  processes  by  means  of  which  the 
various  epithelium  <'oIIh  of  the  various  ginnds  and  various  tracts 
of  the  canal  are  able  to  nuinuiacture  so  nmuy  various  juices  out 
of  the  common  source,  the  blood,  and  the  nuinuer  in  which  the 
aecretory  activity  of  the  cells  is  regulated  and  subjected  to  the 
needs  of  the  economy  ;  3d,  the  mechanisms,  here  as  elsewhere, 
chiefly  of  a  muscular  nature,  by  which  the  food  is  passed  along 
the  canal,  and  most  efficiently  brought  in  contact  with  succes- 
sive juices;  and  4tb  and  lastly,  the  meiins  by  which  tlie  nutri- 
tious digested  material  is  separated  from  the  indigested  or  ex- 
cremental  material,  and  absorbed  into  the  blood. 


8ec.  1. — TiiK  rKorKttTite  or  tue  Dujestive  Juices. 


[Phynohgrieai  Anatomy  of  ihv  Salivary   Glatids. 

The  saliva  is  a  compoumi  secretion,  being  the  product  of  fimr 
distinct  sets  of  ginnds.  Three  of  these  exist  iu  pairs,  and  are 
termeil  respt^ctively  the  parotid^  eubmaxiflartj,  and  gublingmiL 
The  fourth  set  comprises  the  simple  follicular  glands,  which  are 
very  numerous  and  found  iu  the  buccal  mucous  membrane. 

The  larger  salivary  glands  are  composed  of  lobes,  which  are 
subdivided  into  lobulea.  The  lobules  are  comp<»8od  of  smaller 
vesicular  divisions,  which  are  termed  the  alveoli  The  clustered 
appearance  of  the  alveoli,  which  comp(«e  the  l<»bule.  resembles 
Bomewbat  tlie  form  of  a  bunch  f)f  grapes,  hence  they  have  been 
termed  raeemnse  glands.  (Fig.  fM).  The  alveoli  are  oomjxwed 
of  a  delicate   basemeut  membrane,   lined    by    spheroidal   epi- 
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theliutn,  which  is  the  proper  secretory  portion  of  the  organ. 
These  cells  contain  non-granular  protoplasm,  with  an  eccentric 
nucleus.     In  some  of  the  alveoli  granular  protoplasmic  cells, 

Fia.  91. 


TMBiiiJt  (ir  pAtMniD  QLARPor  A  NRWiiout  IvrANT,  iMjRcrap  wrTM  Mit»i'itair.    (ll«ciillW«l.) 

with  centric  nuclei  are  found.  (Fig.  92.)  Within  the  alveolar 
vesicles  containing  the  spheroidal  cells  there  are  fretjucntly 
found  halfmoon-fihaped  cells  which   are   called  demilvne  cells. 

Pio.  92. 
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These  are  always  found  external  to  the  spVieroidal  celU,  and  are 
supposed  to  heyounp:  f*phernidal  cell»  in  irupui  growth,  which  will 
replace  the  old  cells  when  ihey  have  mat-MmU.    The  alveoli  uf  a 
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lobule  empty  their  secrelion  by  a  common  duct,  which  by  uniting 
with  the  ducts  from  other  lohulcR  forms  the  common  duct  or  duels 
of  the  eland.  These  duett-  are  all  lined  by  columnar  epithelium. 
The  sublingual  gland  has  multiple  duct.-t.  The  parotid  and  eub- 
maxillary  glandj^  each  have  a  single  duct. 

Via.  03. 
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I  «iiiJ  2,  [•nitii'liInK  t*(  Ihi-  iii*rvu>  Iwtvi'rn  IIm>  mlUitry  i-'>ll*  ;  :l,  lirniliintli'ii  <.>f  iIm>  nvi-vu  (ll 
Uh  UUcleiM;  I,  uuiiiii  of  ik  iruitgHoQ  d-U  wlUi  a  mllviu-jr  cell ;  i!^,  vuriuiafi  UMtTc  ttl>m  4Uili!r* 

Uf  lh#  cYlUiililMl  coll  (>r  tliv  vKcrelory  ductii. 

The  alveoli  are  Miirronnded  by  deuae  plexugos  of  cjipillariea, 
in  the  meshes  of  which  arise  the  lymphatics.  The  sub^-tance  of 
the  gland  in  ch)Holy  bound  together  by  a  fibro-areolar  tissue. 
The  mode  by  which  the  nerves  terminate  in  these  glands  is,  as 
yet,  uudetermiued.  PflUgcr  believes  that  tlie  medulla  of  the 
nerve  penetrates  (he  cells  and  unites  with  the  nucleus  'Fig.  93. 
1  and  2);  that  others  (4)  (probably  from  the  «ifmuathriic  nyutem) 
terminate  in  multipolar  ganglion  cells,  which  send  prolongations 
into  the  nuclei  of  the  gland-cell ;  other  nerves  (3)  terminate  in 
an  expanded  extremity,  which  lie  considers  an  intermediate 
organ;  others  (5)  terminate  in  the  columnar  cells  lining  the 
ducts.  Whether  these  .^uppnsed  termiuations  of  the  nervct*  are 
the  real  ones  or  not  is  still  atpustion  involved  in  much  doubt.] 

Saliva, 

Mixed  saliva,  ns  it  appears  in  the  mouth,  is  a  thick,  glairy, 
generally  frothy  and  turbid  fluid.  Under  the  microscope  it  in 
seen  to  contain,  beside  the  molecular  debris  of  food  (and  fre- 

24* 
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quenlly  cryptogamio  epores),  epithelium  scales,  mucuscorpusck'^ 
aud  grantjles,  and  the  f*ocalleii  salivary  corpuscle*.  (Fig.  94.) 
Its  relation  iu  a  healthy  subject  ih  alkaline,  especially  when  the 
secretion  is  abundant.  When  the  i^aliva  i§  smnty,  or  when  the 
subject  sufiers  Iroui  dy^[>epsia,  the  reacticn  of  the  uiuuth  may  be 

Fio.  D4. 


acid.  Saliva  contains  but  little  8*jlid  matter — on  an  average, 
probably,  about  U.o  per  cent. — the  specific  gravity  varying  from 
1.002  to  l.t.K)6.  Of  ihe^  solids,  rather  lesi*  than  half— about  0.2 
l>er  cent. — are  aalt;;  uncluding  a  small  quantity  of  pota.'^ium 
t^ulphocyanide). 

[Aoalysia  of  Human  Saliva: 

Wnwr 995.16 

Epitbolmm 1.62 

SohiVilf  nrunnic  rnftttrr  .....  1.34 

8-diuni,  rnlciuin,  nnd  masaerium  pbuephntiM  O.Mt 

Pot«£siuT))  chlorido  1  -  «. 

S<Mliuin  chloriJo       /  

PotHaslum  AulpbocTiUiido  O.Ott 

1.88] 

The  organic  bodiee  which  can  be  recogniied  in  it  are  chiefly 
mucin,  with  small  quantities  of  globulin  and  serum  albumin. 

The  chief  puriKk>e  serve<l  by  the  saliva  in  digestion  U  to  moisten 
the  foix],  and  to  assist  in  mastication  and  deglutition.  In  some 
animals  this  is  its  only  function.  In  other  animals  and  in  man 
it  ha?  a  specific  jwlvent  action  on  some  of  the  f<Mxl-stuff:i.  Such 
mineralif  a.^  arc  soluble  in  slightly  alkaline  fluids  are  dissolved 
by  it.  On  fats  it  has  no  effect  ^ave  that  of  pnMlucing  a  very 
f. . '  *  '       ,.     On  proteid.^  it  has  also  no  actiun.     Its  char- 

a*^  rty  is  iKal  of  coaverting  t>tarch  into  some  form  of 

uigiu. 

tih.— If  t';  »  M"""*''*  "**  b<iil«|  starch, 
«  viwi*i  (Vivi  jrv'iucwhai  opauue  or 


SALIVA. 


283 


turbid,  a  small  quautity  of  saliva  be  added,  it  will  be  found 
afler  a  short  time  thai  an  imporuiDi  change  has  taken  place, 
inasmuch  us  the  mixture  has  lost  its  previous  vi&ci<lity  and 
become  thinner  and  more  transparent.  In  order  to  understand 
this  change,  the  reader  must  bear  in  mind  the  existence  of  the 
following  bodies  (described  more  fully  iu  the  Appendix),  all 
belonging  to  the  class  of  carbo-hydrates:  1.  Starch,  which  forms 
with  water  not  a  true  solution  but  a  mure  or  less  viscid  mixture, 
and  gives  a  characteristic  blue  color  with  iodine.  '2.  Dextrhtt 
diflering  from  starch  iu  forming  a  clear  auhition  and  in  giving  a 
red  color  with  iodine.  3.  Dextrose,  also  called  glucose  or  grape- 
sugar,  giving  no  coloration  with  iodine,  but  characterized  by  the 
power  of  reducing  cupric  aud  other  metallic  salts;  thus,  when 
dextrose  is  boiled  with  a  fluid  often  known  as  Fehliog's  fluid/ 
which  is  a  solution  of  cupric  sulphate  with  an  excess  of  sodium 
hydrate,  the  cupric  salt  is  reduced  and  a  retl  or  yellow  deposit 
of  cuprous  oxide  is  thrown  down.  This  reaction  serves  with 
others  as  a  convenient  test  for  dextrose.  Neither  starch  nor 
dextrin,  nor  that  commonest  form  of  sugar  known  as  cane-sugar, 
gives  this  reaction.  4.  Maliosc,  very  similar  to  dextrose,  aud  like 
it  capable  of  reducing  cupric  salts.  Besides  having  a  slightly 
different  formula,  it  diflers  from  dextrose  chiefly  in  its  snialler 
reducing  power — i.  e,,  a  given  quantity  will  not  crmvert  s<i  much 
cupric  oxide  into  cuprous  oxide  as  will  the  same  weight  of  dex- 
troee,  and  iu  having  a  stronger  rotatory  action  on  rays  of  light 
(see  Appendix).  Besides  the  above,  we  may  mention  the  peculiar 
budy,  adkToodexirin,  which  differs  from  dextrin  in  giving  no  col- 
oration at  nil  with  iodine,  and  the  so-called  soluble  starch,  which 
like  dextrin  forms  a  clear  solution  with  water,  hut  unlike  dextrin 
gives  a  blue  color  with  iodine. 

Hence  when  a  quantity  of  starch  is  boiled  with  water  we  may 
recognize  in  the  viscid  imperfect  solution  on  the  one  baud  the 
presence  of  starch,  by  the  blue  color  which  the  addition  of 
iodine  gives  rise  to,  and  on  the  other  baud  the  absence  of  sugar 
(dextrose,  maltose),  by  the  fact  that  when  boiled  with  Fehling's 
fluid  no  reduction  takes  piace  and  no  cuprous  oxide  is  pre- 
ci]Ulutcd. 

If,  however,  the  boiled  starch  be  submitted  for  a  while  to  the 
action  of  saliva,  especially  at  a  somewhut  high  temperature  such 
as  35^  or  40*^  C,  it  is  found  that  the  subsequent  addition  of  iodine 


[1  1 1)  DIv'ulve  8.A0  grauit  or  pur«  cr^itaUiteil  oaprlo  lulpbfit*  in  40  oo.  of 
dUlillfld  fiiilor. 

(3)  Ui««oIve  43  icrnrnF  of  par«  orjfft&IIUftd  potMiic-Ktdfo  tnrtrate  in  150  to 
1S5  grfttn*  iif  Jottic  hydritte,  ip.  gr.  1.12. 

Tbou  atl<l  logettitr.  nod  mlil  flufliciflnt  dislUled  wfttor  to  nmke  onft-foorth  of  % 
lUrf. 

Tbo  dilution  opoila  bjr  keopfng,  and  should  freqaenilj  b«  rnnde  freeb.] 
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gives  no  blue  color  at  all,  or  very  much  leas  color,  showing  that 
the  Htarch  has  disappeared  or  diiDininhed ;  on  the  i>ther  haud  the 
mixture  readily  gives  a  precipilnte  of  cuprous  oxide  when  boiled 
with  Fehliug'e  tiuid,  showing  that  dextruse  or  maltose  is  present. 
That  is  to  say,  the  saliva  has  converted  the  starch  into  dextrose 
or  maltose,  and  there  are  reaaous,  which  we  need  not  enter  into 
here,  for  thinking  that  while  some  dextrose  is  formed,  the  greater 
part  of  the  sugar  which  appears  is  in  the  form  of  maltose.  As 
the  conversion  of  the  starch  by  the  saliva  u  going  on  the  addi- 
tion of  iodine  frequently  gives  rise  t*)  a  red  or  violet  color 
instead  of  a  pure  blue,  but  when  the  conversion  is  complete  no 
coloration  at  all  is  observed.  The  appearance  of  this  red  or 
violet  color  indicates  the  presence  of  dextrin. 

The  temporary  appearance  of  dextrin  shows  that  the  action 
of  the  saliva  on  the  starch  is  somewhat  complex  ;  and  this  is 
still  further  proved  by  the  fact  that  even  when  the  saliva  has 
completed  its  work  the  whole  of  the  starch  does  not  reappear  as 
dextrose  or  maltose.  There  ar«  probably  several  other  btxlies 
formed  out  of  the  starch  besides  these,  the  relative  proportions 
varying  according  to  circumstances.  The  change,  therefore, 
though  perhaps  we  may  speak  of  it  in  a  general  way  as  one  of 
hydration,  cannot  be  exhibited  under  a  simple  formula,  and  we 
may  rest  content  for  the  present  with  the  statement  that  starch 
when  subjected  to  the  action  of  saliva  is  converted  chiefly  into 
the  sugar  known  as  maltose  with  a  compai-atively  email  quantity 
of  dextrose,  dextrin  appearing  temporarily  in  the  process,  and 
other  bodies  on  which  we  need  not  dwell  being  formed  at  the 
flame  time. 

Raw  unboiled  stareh  undergoes  a  similar  change,  but  at  a 
much  slower  rate.  Thi.-;  is  due  to  the  fact  that  in  the  curiously 
formed  stnrch  grain  the  true  starch,  or  (jranulosc,  is  invested 
with  coats  of  ceHuloj'e.  This  latter  material,  which  requires  pre- 
vious treatment  with  sulphuric  acid  before  it  will  give  the  blue 
reaction,  on  the  additiou  of  i-Kline,  ia  apparently  not  acterl  upon 
by  saliva.  Ilcucc  the  saliva  cau  only  get  at  the  grauuloae  by 
traversing  the  coats  of  cellulose,  and  the  conversion  of  the 
former  is  thereby  much  hindered  and  delayed. 

The  conversion  of  starch  into  sugar,  and  this  we  may  speak 
of  as  the  amylolytic  action  of  saliva,  will  go  ou  at  the  ordinary 
temperature  of  the  atra^>3phere.  The  lower  the  teniperaturc  the 
slower  the  change,  and  at  about  0''  C  the  conversion  is  indefi- 
nitely prolonged.  Ailer  exposure  to  this  cold  for  even  a  con- 
siderable time  the  actiou  reoommeuces  when  the  temperature  is 
again  raiseil.  Increase  of  temperature  up  to  about  d'*^  to  40', 
or  even  a  little  higher,  favors  the  change,  and  the  greatest 
activity  is  said  to  be  witnessed  at  about  40 '.     Much  bey<jud  this, 
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however,  increase  of  temperature  becomes  iojurious,  markedl/J 
80  at  60°  or  70^,  and  saliva  which   has  been  boiled   for  ti  few 
luioutes  not  only  hae  no  action  on  starch  while  at  that  teuipera- 
tiire,  but  does  not  re^iin  ila  powera  on  cooling.    Ey  bein^j  boiled 
the  aniylolytic  activity  of  saliva  is  permanently  destroyed. 

Tlie  action  of  saliva  on  starch  needs  for  its  development  a 
slightly  alkaline  or  at  least  a  neutral  reaction  of  tbe  mixture; 
it  is  hindered  or  arrested  by  a  distinctly  acid  renction.  Indeed  the 
presence  of  even  a  very  small  quantity  of  free  acid,  at  all  events 
of  hydrochloric  acid,  at  the  temperature  of  the  hotly  not  only 
suspends  the  action  but  sneerlily  lends  to  permanent  abolition  of 
the  activity  of  the  juice.    The  bearing  of  this  will  be  seen  later  on. 

Tbe  action  of  saliva  is  hampered  by  the  prusence  in  a  concen- 
trated state  of  the  product  of  ilji  own  action — that  is,  of  sugar. 
If  a  small  4uantity  of  saliva  be  adJed  to  a  tliii.-k  mas;;  of  boiled 
.starch,  the  action  will  after  a  while  alackori.  and  lA'cnlually  come 
to  almost  a  stand-still  long  before  all  the  starch  has  been  converted. 
On  diluting  the  mixture  with  water,  the  action  will  recommence. 
If  the  pro<lucta  of  action  be  removed  as  soon  as  they  are  formed, 
a  email  (juantity  of  saliva  will,  if  Huthcieut  lime  he  allowed^  con- 
vert into  dugar  a  very  large — f>ne  might  almost  say  an  inrlefinite 
— Quantity  of  starch.  Whether  the  particular  citnstituent  on 
which  the  activity  of  saliva  depends  is  at  all  consumed  in  its 
action  has  not  at  prej^nc  been  definitely  settled. 

On  what  constituent  do  the  amylolytic  virtues  of  saliva 
de])end  ? 

If  saliva,  filtered  and  thut>  freed  from  mucus  and  other  formed 
constituents,  be  treated  with  ten  or  fifteen  timca  its  bulk  of  alco- 
hol, a  precipitate  takes  place  containing,  besides  other  substance*, 
all  the  proteid  matters.  Upon  standing  under  the  nicohol  for 
some  time  (several  days,  or,  better,  weeks),  the  proteids  thus  pre- 
cipitated become  coagulated  an<l  instiluble  in  wattT.  Hence,  an 
aqueous  extract  of  the  precipirate,  made  after  this  interval,  con- 
tains very  little  proteid  muterial,  and  yet  in  exceedingly  active. 
Moreover,  by  other  more  elaborate  methods  there  may  be  obtained 
from  saliva  solutions  which  appear  to  be  almtjst  entirely  i'ree  from 
proteids,  and  yet  are  intensely  amylolytic.  But  even  these, 
probably,  contain  other  bodies  besides  the  really  active  con- 
stituent. Whatever  the  active  substance  be  in  itself,  it  exists  in 
such  extremely  small  quantities  that  it  has  never  yet  been  satis- 
facU>rily  isolated  ;  and,  indeed,  the  only  evidence  we  have  of  its 
existence  is  the  rnnnifeatation  of  its  peculiar  powers. 

The  salient  features  of  this  body,  which  wc  nniy  call  ptyaUn, 
are  then — 1st,  its  presence  in  iniuute  iuhI  »linost  inappreciable 
quantity  ;  2d,  the  close  dependence  of  it>  activity  on  tem|)cra- 
ture;  8d,  its  ])ermauent  and  total  destruction  by  a  high  tempera- 
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ture  flnd  by  various  chemical  rcagcnl^s;  4th,  the  want  of  any 
clear  proof  that  it  itself  undergoes  any  change  during  the  mam* 
festatinn  of  its  powers — that  ia  to  say,  the  ener^'V  necessary  for 
the  tran-tforraaiion  which  it  etfects  does  not  conu  out  of  iUdf;  if  it 
is  at  all  used  up  iu  its  action,  the  loss  is  rather  that  of  eiruple 
wear  and  tear  of  a  machine,  than  that  of  a  substance  expended 
to  do  work;  5th,  the  action  which  it  induces  ia  probably  uf  Buch 
a  kind  (splitting  up  of  a  molecule  with  assumption  of  water)  as 
is  effected  by  the  agents  called  catalytic,  and  by  that  particular 
class  of  cat4ilylic  agents  called  hydrolytic. 

These  features  mark  out  the  amylolytic  active  body  of  saliva 
as  l>elonging  to  the  class  u{  ftsrnienU^ \  and  we  may  henceforward 
speak  of  the  amylolytic  ferment  of  Haliva. 

Mixe<l  saliva,  whof^e  properties  we  have  junt  discussed,  is  tbd 
reault  of  the  mingling  in  various  proportions  of  saliva  from  the 
parotid,  submasillary,  and  sublingual  glands  with  the  secretion 
from  the  buccal  glands.  These  constituent  juices  have  their  own 
special  characters,  and  these  are  not  the  same  in  all  animals. 
Moreover,  in  the  same  individual  the  secretion  difTeni  in  composi- 
tion and  properties  according  to  circumstances ;  thut;,  as  we  shall 
see  in  detail  hereafter,  the  saliva  from  the  submaxillary  gland 
secreted  under  the  influence  of  the  chorda  tympani  nerve  ia  very 
different  from  that  which  i:*  obtained  from  the  same  gland  by 
stimulating  the  sympathetic  nerve. 

In  mftn  pure  pfimtid  uliva  may  eiutly  bo  ohtatnod  by  introducing  a 
Bno  cnnuln  into  the  opening;  of  the  Stononiun  duct,  und  submaxillary 
flalivu,  or  mther  A  mixture  of  fiubmnxilliiry  and  iublingual  iftliva,  by  aimU 
lar  culheteri7Jitiun  of  the  Whtirtoniftn  duct  In  animuls  the  duct  may  be 
disBectod  out  and  a  ctinuln  intn>diiccd 

Parotid  saliva  in  man  is  clear  and  limpid,  not  viscid  ;  tbc  re- 
action of  the  first  drops  secreted  is  often  acid,  the  succeeding 
{Ktrtions,  at  all  events  when  the  flow  is  at  all  copious,  are  alka- 
ine :  that  is  to  say,  the  natural  secretion  is  alkaline,  hut  this 
may  be  obscured  by  acid  changes  taking  place  in  the  fluid  whicb 
has  been  retained  in  the  duct.  Ou  standing,  it  becomes  turbid 
from  a  precifiitate  of  calcic  carbonate,  due  to  an  escape  of  car- 
bonic acid.     It  contains  globulin  and  some  other  forme  of  albu- 


I  Pftrmenlt  m%y,  for  tho  proMnt  nt  !«*«(,  b«  divid«ti  tntu  twoaUfte*,  ooinninnly 
cftllei  orynniTfd  still  ttnorpttHtt^d.  Of  Ihe  fnrmpr  jfOKt  tnny  be  Inken  Hi  a  w«lt< 
known  exAmf'Ie.  The  rermenlAtive  activity  of  rea*l  wbioli  lenJs  (o  Iho  c<>nvcr- 
lion  nf  "ugiir  intn  ulcnhul.  la  ilrpvatlenl  no  the  tlV*  uf  lb«  yeii't-rnlt.  I'nlcf*  ths 
yoMt-cell  ba  Uviii^  Mrid  funettonAl,  r«rinent»li<m  <ln«>  not  rnhr  place;  nhon  the 
yeaHt  r'ell  ilie*  reriBCOtntioo  cflH««i,  And  na  (ubatance  obl»in<*<l  from  y«fivl,  bjF 
prMJpll»tion  with  alrobol  nr  olberwinv,  will  g|v«  ri>«  to  nlrohulir  ffrnicnlalion. 
Tb«  vnlifury  f«rui«Dt  beloo|t  to  the  lallRr  »)««•;  it  U  a  «iih*t«nr«,  not  a  livlar 
organUtD  like  jenft. 
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min,  with  little  or  no  mucin.  Potassium  sulphocyanate  may 
also  gomctirnefl  be  detected,  but  slructural  elements  are  abuent. 

Submaxillary  saliva,  in  man  am!  in  iimHt  animals,  diflfera  from 
parotid  saliva  in  being  more  alkaline  nnd,  (Voni  the  presence  of 
mucus,  mure  viscid;  it  contains,  often  in  uliundance,  salivary 
corpuscles,  and  amorphous  musses  of  proteul  muterial.  The  so- 
called  chorda  saliva  in  the  dog,  of  uhicli  we  sliull  presently  8|Hmk, 
is,  under  ordinary  circumstances,  thinner  and  less  viscid,  contains 
le?*3  mucus,  and  fewer  structural  elements,  than  the  so-called 
eympathetic  saliva,  which  is  remarkable  for  its  viscidity,  ite 
structural  elements,  and  for  its  larger  total  of  solids. 

Sublingual  saliva  is  more  viscid,  and  contains  more  mucin  and 
more  total  solids  (in  the  dog  2.75  per  cent.)  than  even  the  sub- 
maxillary saliva. 

The  action  of  saliva  varies  in  intensity  in  different  animals. 
Thus,  in  man,  the  pig,  the  guinea-pig,  and  the  rat,  both  piirotid 
and  submaxillary  and  mixed  sulivu  arc  amyiolytic ;  the  sul>- 
maxillary  saliva  being  iu  must  cases  more  active  than  the  parotid. 
In  the  rabbit,  while  ihe  submaxillary  saliva  has  scarcely  any 
action,  that  of  the  parotid  is  energetic.  The  saliva  of  the  cat  is 
much  less  active  than  the  above,  and  that  td'  the  dug  sLJIl  h^a; 
indeed,  the  parotid  saliva  of  the  dog  is  wholly  inert.  In  the 
horse,  sheep,  and  ox,  the  amyhdytic  i>owerg  of  either  mixed 
saliva,  or  of  any  one  of  the  constituent  juices,  are  extremely 
feeble. 

Where  the  saliva  of  any  gland  is  active,  an  aqueous  infusion 
of  the  same  gland  is  also  active.  The  importance  and  bearing  of 
this  statement  will  be  been  later  on.  From  the  aqueous  infusion 
of  the  gland,  as  from  saliva  itself,  the  ferment  may  be  approxi- 
mately isolated.  In  some  eases,  at  least,  some  ferment  may  be 
extractcii  from  the  gland,  even  when  the  secretion  is  itself 
inactive. 

The  readiest  method,  indeed,  of  preparing  a  highly  amyiolytic 
liquid  tolerably  free  from  proteid  and  other  impurities,  is  to 
mince  finely  a  gland  known  to  have  an  active  secretion,  such,  for 
instance,  as  that  of  a  rat,  dehydrate  it  ))y  allowing  it  to  stand 
under  absolute  alcohol  ibr  some  days,  and  tlien,  having  poured 
off  most  of  the  alcohol,  and  removed  the  remainder  by  evapora- 
tion at  a  low  temperature,  to  cover  the  pieces  of  gland  with  strong 
glycerine.  A  mere  drop  of  such  a  glycerine  extract  rapidly 
converts  starch  into  sugar. 

IPhyeiological  Atuklomy  oj  ihe  Mwxnu  Memimme  of  Ihe  StomacJi, 

The  mucous  membrane  of  the  stomach  is  soft  and  velvety,  and 
of  a  pale,  grayish  color.     It  is  liued  throughout  with  columnar 
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rpitheiinin.  When  ibe  stonuich  u  eapCy,  tbe 
rontnri  anJ  catiM  the  mncoos  roembnuve  to 
lon^tu'linal  Mde,  which  are  termed  mgx^  If  tbe  aar&ce  bo 
(■Xftminf^l  with  the  ftid  of  a  lem,  nomeroot  TMcolar  ridges  or 
proocwes  will  be  seen,  at  the  haaes  of  which  are  nDmbets  of 
miaoie  opeDinga,  which  are  the  orifices  uf  the  pagtriefoOielet  or 
glands  (Fig.  95).  If  a  ▼ertical  section  be  ma^e  of  the  inenbraDe 
(Fig.  96^,  it  will  be  seen  to  coiisbt  of  tuboli  clocelv  Arranged  side 


Fro.  Ofi. 


Pio.9fi 


lit*  m4mHutt,  Willi  (1>«  (»rin>-«<«<>r  UiKltairirUrtil- 
tlrlmi. 


by  side,  and  rcsling  upon  r  submucoiiB  fibrous  tissue  which  con- 
tains »  InytT  tif  uustnatcd  muscular  fibn-g,  called  the  vmaculiMrU 
tnuco»(r..  These  itiufloular  fibres  are  entirely  distinct  froiu  the 
niusclei*  tnrtiiing  llie  HtonHiclml  walls.  The  lubtili  or  gnstnc 
gliuulrt  lorrn  the  jircator  portion  nf  the  thickne»i  of  the  mucous 
membrane,  and,  aeeordiuK'  t'>  J^appev.  numbi-r  about  five  millions. 
They  are  hound  lii^'other  by  an  adeuoid  lisuue,  and  surrounded 
'  -^'-tuses  of  ejinillario!".  The  nerves  are  derived  from  the 
■1C  anil  Aviupathelic. 


SALIVA 


The  gastric  glands  consist  of  two  principal  kinds :  the  acid 
and  peptic.  The  acid  glands  'Figs.  97  and  98)  are  diBtributed 
over  uearly  the  whole  area  of  the  mucous  membrane;  but  near 
the  pylorus  are  absent.  They  conaist  of  a  trunk  with  its  branch- 
ing divisions  and  terminal  canals,  or  ca'ca.  The  trunk  at  the 
superficial  extremity  has  an  open  orifice  on  the  surface  of  the 


Fro.  98. 


Fio.  9(1. 


Km.  ue,— rortl.iii».rf 


<'lliu>il      R,  i-iiniimiti  trunk  ;  h,  h,  Ita  rhM  tmuirJiiw ;  r,  c,  UTiniiiat 

iiae  '•(  Ibc  <'>'-ii  rnun<  liUIilj  inagnincd,  M  Kon  l('n|[Jtii<llQallj  U), 
Uid   lit  Iruisvprup   wH'tinti  (n).     n,  l«M<ni«*nt    mritttinuiH ;  b,  iu-go  glaiiiluliU'  or  pepUc  ratU ; 

tiQ.  Ml.— INipUc  iWtiic  Ubin4,  wlUi  Colarnutr  Epllbellum.    u,  vrldi*  traak  ;  b,  t,  U»  tawiU 


Diembraue,  at  the  other  extremity  it  terminates  in  two  or  more 

branching  divisions ;  these  divisitms  are  again  8ubdivifle<l  into 
small  canals,  which  are  the  ciecn.  The  canals  are  lined  by  a  wall 
of  small  epithelium  cells.  Surrounding  this  wall  is  a  compact 
layer  of  larger  spheroidal  or  ovoidal  nucleated  granular  proto- 
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plasmic  cells.  These  glands  are  probably  the  ones  wbiob  espe- 
cially secrete  the  acid  of  the  gastric  juiire.  The  trunk  and  ita 
primary  divisions  are  lined  with  columnar  epitheliiini. 

The  peptic  glands  are  found  in  greatest  number  about  the 
region  of  the  canlia  and  pylorus.  Their  principal  Htructural 
difference  from  the  acid  glands  is  in  the  ciecal  api)endnge8  and 
in  the  epithelial  liciDg.  (Fig.  Hi).)  The  ciecal  appendages  are 
very  short  as  compared  with  those  of  the  acid  glands,  and  the 
glands  are  lined  throughout  with  columnar  epithelium.  The 
Function  of  the  (leptic  glands,  and  probably  of  the  columnar 
epithelium  of  the  acid  glande,  is  to  secrete  pensin. 

Within  the  membrane  are  found  a  variable  number  of  small 
Icniicuiur  glandi.  These  are  closed  sacji,  and  are  similar  in 
structure  to  the  solitary  glands  of  the  smatl  iutctiUnes.  They 
are  probably  accessories  oi  the  lymphatic  system.] 


Oaetric  Juice. 

There  is  no  difficulty  in  obtaining  what  may  fairly  be  con- 
sidered as  a  normal  saliva;  but  there  are  many  obstacles  in  the 
way  of  determining  the  normal  chttractcrs  of  the  secretion  of  the 
stomach.  When  no  fond  is  taken,  the  stomach  is  at  rest  and  no 
secretion  takes  place.  When  lood  is  taken,  the  characters  of  the 
gastric  juice  secreted  are  obscured  by  the  food  with  which  it  is 
mingled.  The  gastric  membrane  may,  it  is  true,  be  artificially 
stimulated,  bv  touch  for  instance,  and  a  secretion  obtained.  This 
we  may  speak  of  as  gastric  juice,  but  it  may  be  doubted  whether 
it  ought  10  be  considered  as  normal  gastric  juice.  And  indeed, 
as  we  shall  see,  even  the  juice  which  is  poured  into  the  stomach 
during  a  meal,  varies  as  digestion  is  going  on.  Ilence  the  char- 
acters which  we  shall  give  of  gastric  juice  must  be  considered  as 
having  a  general  value  only. 

Gastric  jiuce,  obtained  by  artificial  Htimnlation  from  the 
healthy  stomach  of  a  fasting  dog,  by  means  of  a  gastric  fistula,  is 
a  thin,  almost  colorlesa  (liiid  with  a  sour  taste  and  odor. 

[Analysis  of  gastric  juice  (Bidiler  anil  .Schmidt) : 

Wnt<?r 078.062 

Ftriiii?nl  (|iep9in) 17.127 

Froo  hvdpx'hlnrio  ac'id  (?)....       8  060 
PoUsaiuin,  t^odiiiiii,  ciilcium,  nrtfl  ammonium 

chlorides 4. 7:^4 

Cftlrium,  inin,  nnd  miignMiuin  phct#phMtv>»  'J  i)ii7 

20.ft88] 

In  tbo  oporKtioD  for  t^n&tric  flHuU.  Ati  incision  la  iimdr  thrcmuh  th«! 
ftbdominnl  wjiIIs,  Hionjf  tin'  lin^a  ait»a,  the  st-'niHeh  is  '>|)on(H],  unci  iho  li|i« 
of  the  gastric  wound  «ecur«ly  Mwn  Ui  ihowof  the  incii.i.>n  in  ihe  abdomi- 
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niil  walls.  tTnion  toon  take»  place^  so  thnt  »  permanent  opening  fruin 
the  vxtoriur  \nlo  the  inside  of  llie  stomiiob  is  CJ)UbUi^hc<l.  A  tube  of 
ppjper  eonstnictinn,  ititrfluced  rtl  the  time  of  tho  iimTatinn,  ht'oomOfi 
fimily  secim'd  in  phit'e  by  thn  cnnlmction  of  honling.  Through  the  tube 
the  c'tntenu  "f  Uiu  gUmmrh  omi  bo  received,  nnd  the  mucous  membrane 
fitimuliiu-d  111  pleuciiire. 

When  obtaiued  from  a  uaturnl  fistula  ia  ninD,  its  specific 
gravity  huii  been  louiul  to  differ  little  from  that  of  water,  varying 
iruni  \M\  Ui  1.010,  ami  the  aiiiouiiL  of  solids  present  to  be  coi^ 
respondingly  anml).  In  aniinnla,  pure  gastric  juice  seems  to  be 
equally  poor  in  solids,  tlie  higher  estimates  which  some  observers 
have  obtained  being  probably  flue  to  ailmixture  with  fo<M],  etc. 

Of  the  aolii!  matters  present,  about  half  are  iuorganic  salts, 
chidly  alUaliuc  (sodium^  chlorides,  with  small  quantities  of  i)hoa- 
phfttes.  The  organic  material  consists  of  pei^in,  a  body  to  be 
described  immediately,  mixed  with  other  substances  of  undeter- 
mined nature.  In  a  healthy  stomach,  gastric  juice  contains  a 
very  small  quantity  only  of  mucus,  unless  some  submaxillary 
saliva  has  been  swallowed. 

The  reaction  is  distinctly  acid,  and  the  acidity  is  normally  due 
to  free  hydrochloric  acid.  This  is  sbciwn  by  various  proofs, 
among  which  we  may  mention  the  fact  that  the  amount  of  hydro- 
chloric acid  is  more  than  C4in  be  neutralized  by  the  bases,  and 
the  excess  corresponds  to  the  quantity  of  free  acid  present.  Tjactic 
and  butyric  and  other  acids  when  present  are  secondary  products, 
arising  either  by  their  respective  fermentations  from  articles  of 
food,  or  from  the  decompoi^ition  of  their  alkaline  or  other  salts. 
In  man,  the  amount  of  free  hydrochloric  acid  in  healthy  juice 
may  be  f^tatod  al:K>ut  0.2  \)eT  cent.,  but  in  r^ome  animals  it  is  prob- 
ably higher. 

On  starch,  gastric  juice  has  per  Be  no  effect  whatever;  indeed, 
the  acidity  of  the  juice  tends  to  weaken,  or  may  be  sufficient  lo 
arrest  and  even  destroy,  the  amylolytic  action  of  any  saliva  with 
which  it  may  be  mixed. 

Ou  dextrose,  healthy  gastric  juice  has  no  elTeot.  And  its  power 
of  inverting  cane-sugar  seems  to  be  less  than  that  of  hydrocliloric 
acid  diluted  Co  the  same  degree  of  acidity  as  itself  In  an  un- 
healthy stomach,  however,  containing  much  mucus,  the  gastric 
juice  is  very  active  in  converting  cane-sugar  into  dextrose.  This 
power  seems  to  be  due  to  the  presence  in  the  mucus  of  a  special 
ierment,  analogous  to,  but  quite  distinct  from,  the  ptyafin  of 
saliva.  An  excessive  quantity  of  cane-sugar  introduceil  into  the 
stomach  causes  a  secretion  of  raucus,  and  hence  provides  for  its 
own  cimversion. 

On  fats,  gastric  juice  has,  at  most,  a  limited  action.  When 
adipose  tissue  is  eaten,  the  chiei]uhange  which  takes'place  iu  the 


292      TISSUES  AND  MECHAKISMS  OF    DIOESTZOK. 


Stomach  is  that  the  proteid  and  gelatiniferoua  envelopes  of  the 
fat  cells  are  dissolved,  and  the  fate  set  free.  Thout:n  there  is 
experimental  evidence  that  emulsion  of  fats  to  a  certain  extent 
dues  take  place  in  the  stomach,  the  great  mass  of  the  fat  of  a 
meal  is  not  so  changed. 

Such  minerals  as  are  s(dublc  in  free  hydrochloric  acid  are  for 
the  most  part  dissolve^l ;  though  there  is  a  difTerence  in  this  and 
in  some  other  respects  between  gastric  juice  and  simple  free 
hydrochloric  acid  diluted  with  water  to  the  same  degree  of 
acidity  as  the  juice,  the  presence  either  of  the  pef>sin  or  other 
boilics  apparently  modifying  the  solvent  action  of  the  acid. 

The  essential  property  of  gastric  juice  is  the  power  of  dissolv- 
iug  proteid  matters,  and  of  converting  them  into  a  substance 
called  peptone. 

Action  of  Gastric  Joice  on  Proteids. — The  results  are  eeseii- 
tially  the  same  whetlier  natural  juice  obtained  by  means  of  a 
fistula  or  artificial  juice — i.  c,  an  acid  infusion  of  the  mucous 
membrane  of  the  stomach,  be  used. 

Ariiltcitil  giirtric  juice  m»y  be  prejiared  in  any  of  the  following  way*: 

1.  The  DIUC0118  nifmhrane  of  a  pip's  or  dog's  stomach  Ib  removed  from 
the  muK'ular  cN^tit,  flnely  minced,  nibtwd  in  a  mortar  with  pounded  gtsst 
and  oxtmctc'd  with  whIlt.  The  nqiic?(>u«  eilract  fillcred  und  acidulated 
{iti«  in  ituflf  »unicwhiit  »cid),  until  it  hns  free  acidity  correftponding  to 
0.2  [KT  ci'nt.  of  ti\droohli>ric  acid,  contains  t>ut  liltlo  of  tho  products  of 
digestion  B»ch  h«  peptone,  but  U  fHirlv  p*>U'nt. 

2.  The  mucous  membruiio  similnrfy  prepared  and  minced,  allowed  to 
digest  Hi  ^f*°  C.  in  »  large  quantity  of  hydrochloric  arid  diluted  to  0.2 
per  cent.  The  creator  part  of  the  menibrHM*^  di^apjwar?,  ehreds  only 
neing  left,  and  the  ftomcwhat  opalesconl  liquid  can  be  decanted  and  flf- 
terod.  The  flltrnte  ho*  powerful  digeftive  (peptic)  properties,  but  con- 
talna  a  considerable  amount  of  the  products  of  digestion  (peptone,  etc.), 
arisini;  from  the  di^et>lii)n  of  the  mucoui  utembnme  itt«If.' 

S.  From  tho  miici'us  membrane,  aimilarly  prepared  and  minced,  tha 
siiperfluoufl  moisture  is  removed  wiih  blnttinir  paper,  and  the  pieces  are 
thmwn  into  a  compflmlively  Inrtj*,'  qiiHnlity  of  concentrated  glycerine, 
and  allowed  to  stand.  The  mcntbrunr  may  be  provioii^ly  dehydrated  by 
being  allowed  to  ttand  under  wlo<4iol,  but  this  is  not  nec<*&«rj'.  The  do- 
canted  clear  glycerine,  in  which  a  r'tm|)«rnlivelv  «mall  quantity  of  the 
ordinary  proteids  of  the  ntucour  membrane  are  di&eolvcd.  if  added  to  hy- 
drochloric acid  of  0  2  per  cent  faboul  1  e.c.  of  glycerine  to  UH)  c.c.  of  the 
dilute  acid  are  snfflcient).  malcCA  an  iirtiticini  juice  tolerably  f^ee  fW»m 
ordinory  proteida  and  peptone,  and  of  reinurliablc  potency,  the  preaencs 
of  the  glycerine  not  interfering  with  the  rufiull^. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  al 
being  thoroughly  washed  and  boiled,  be  thrown  into  a  quantity 

>  Th«e»  liuwevar,  may  b«  remorsd  bj  coDc«fitraUoD  Ht  40°  C-,  and  aabfoaatnt 
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of  gastric  juice,  and  the  mixture  be  exjiueed  to  a  temperature  of 
from  35'^  to  40'^  C,  the  fibrin  will  speedily,  in  some  caaea  iu  a 
few  minutes,  be  dissolved.  The  bhreda  tir^t  swell  up  and  become 
tmndpartfut*  then  gradtially  dissolve,  being  especially  liable  to 
fall  to  pietea  into  flakes  when  the  vessel  containing  them  is 
shaken,  and  finally  disappear,  with  the  exception  of  some  granu- 
lar debris,  the  amount  of  which,  though  generally  small,  varies 
according  to  circumstances. 

If  small  morsels  of  c^mgulated  albumin,  such  as  white  of  egg, 
l>e  treated  in  the  same  way,  the  i*ame  solution  is  observed.  The 
pieces  become  transparent  at  their  surfaces;  this  is  especially 
teen  at  the  edges,  which  gradually  become  rounded  down,  and 
solution  steadily  progresses  from  the  outside  of  the  piece  inwards. 

If  any  other  form  of  coagulated  albumin  (e.  y.,  precipitated 
acid-  or  alkali  albumin,  suspended  in  water  and  boiled)  be 
treatcil  in  the  same  way,  a  similar  solution  takes  place.  The 
readiness  with  which  the  solution  is  eflected  will  de[>end,  ccBteri$^ 
paribus,  on  the  smallneas  of  the  pieces,  or  rather  on  the  amount 
of  surface  as  compared  with  bulk,  which  is  presented  to  the 
action  of  the  juice. 

Gastric  Juice,  then,  readily  dissolves  coagulatetl  proteids,  which 
otherwise  are  insoluble,  or  soluble  only,  and  that  with  diHiculty, 
in  very  strong  acids. 

Nature  of  the  Change  as  Shown  by  the  Products  of  the 
Action. — If  raw  white  of  egg,  largely  diluted  with  water  and 
straiued,  be  treattnl  with  a  suflicieiit  quantity  of  dilute  hydro- 
chloric acid,  the  opalescence  i->r  turbidity  which  appeared  in  the 
white  of  egg  on  dilution,  and  which  is  due  to  the  precipitation 
of  various  forms  of  globulin,  disap(>eara,  and  a  clear  mixture 
results.  If  a  portion  of  the  mixture  be  at  once  boiled,  a  large 
deposit  of  coagulated  albumin  (tccurs.  If,  however,  the  mixture 
be  exposed  to  50^  or  -55*^  C.  for  some  time,  the  amount  of  coagu- 
lation which  is  produced  by  boiling  a  specimen  becomes  less, 
and  finally,  produces  no  coagulation  whatever.  By  neutnilization, 
however,  the  whole  of  the  albumin  (with  such  restrictions  as  the 
presence  of  certain  neutral  salts  may  cause)  may  be  obtained  in 
the  form  of  acid-albumin  orsyntonin,  the  filtrate  after  neutraliza- 
tion contaiuing  no  proteiHs  at  all  (or  a  very  small  quantity). 
Thus  the  whole  of  the  albumin  present  in  the  white  of  egg  is 
converted,  by  the  simple  action  of  dilute  hydrochloric  acid,  into 
acid-albumin  or  syntonin. 

If  the  same  white  of  egg  be  treated  with  gastric  juice  instead 
of  simple  dilute  hydrochloric  acid,  the  events  for  some  time  seem 
the  same.  Thus  after  a  while  boiling  causes  no  coagulation, 
while  neutralization  gives  a  considerable  precipitate  of  a  proteid 
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body,  which,  being  insoluble  in  water  and  in  dilute  sodium 
chluride  aolutions,  and  solu^ile  in  dilute  alkali  and  acids,  at 
least  closely  resembles  syntoriin.  Hue  it  is  fouud  that  only  a 
portion  of  the  proteida  original ly  present  in  the  while  of  egg 
can  thus  be  regained  by  prtjcipitatiou.  A  great  deal  is  still 
retained  in  the  filtrate  arter  neutralization,  in  the  form  of  what 
is  called  pepione,  and,  on  the  whole,  the  longer  the  digestion  is 
carried  on,  the  greater  is  the  proportion  borne  by  the  peptone 
to  the  precipitate  thrown  dnvvn  on  neutralization,  indeed,  in  some 
cnsos  at  all  events,  all  the  proteide  are  brought  inio  the  con- 
dition of  peptone. 

Peptone  is  a  proteid,  having  the  same  approximate  elementary 
composition  as  other  proteins,  and  giving  most  of  the  usual 
proteid  reactions. 

It  is  distinguished  from  other  protcids  by  the  following  marked 
features; 

38t.  Though  soluble  in  dii5lille<l  water  and  in  neutral  saline 
solutions,  even  the  most  dilute,  and  therefore  not  precipitated 
from  its  acid  or  alkaline  solutious  by  neutralization,  it  is  not, 
like  the  other  similarly  soluble  proteids,  coagulated  by  heat. 

2d.  It  is  difruaible,  passing  through  membranes  witli  consider- 
able ease.  The  diffusion  is  not  so  rapid  as  that  of  saltB,  sugar, 
and  other  simitar  substances,  but  is  very  marked  as  compared 
with  that  of  other  proteids ;  these  pass  through  membranes  with 
the  greatest  difficulty.  (For  other  Jess  important  reactions  see 
Appendix.) 

The  neutralization  precipitate  resemblee.  in  its  general  cbarac* 
ters.  acid-albuttiin  or  syntoniu.  Since,  however,  it  probably  is 
distinguishable  from  the  hody  or  bodies  produced  by  the  action 
of  simple  acid  on  muscle  or  white  of  egg,  it  is  best  to  reserve  for 
it  the  name  of  paraptptone.  Thus  the  digestion  by  gastric  juioe 
of  white  of  egg  results  in  the  conversion  of  all  the  proteida 
present  into  peptone  and  parapeptone,  of  which  the  former 
must  be  considered  as  the  final  and  chief  product,  the  latter  a 
bye-product  or  initial  product  of  varial>le  occurrence  and  impor- 
tance. The  gastic  digestion  of  fibrin,  either  raw  or  l>oiled,  and  of 
all  forms  of  coagulated  albumin,  gives  rise  to  the  same  products, 
peptone  and  parapeptoue.  Milk  when  treated  with  gastric  juioe 
IS  first  of  all  coagulated  or  curdled.  This  is  the  result  partly  of 
the  action  of  the  iri?e  acid,  but  chiefly  of  the  special  action  of  a 
particular  constituent  of  gastric  juice,  of  which  we  «hall  speak 
hereafter.  The  coagulum  consists  of  a  proteid,  ctuein,  and  of 
fat;  and  the  casein  is  subHcquently  dissolved  with  the  same 
appearance  of  peptone  and  parai>eptone  as  in  the  case  of  other 
proteide.  In  fact,  the  digestion  by  gastric  juice  of  all  the 
varieties  of  proteids  consists  in  the  conversion  of  the  proteid 
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into  peptone,  with    the  concomitant  appearance  of  a  certain 
variable  amount  of  parapeptone. 

Circamstances  Affecting'  Gastric  Digestion. — The  solvent 
action  of  gustiio  juice  oij  proU'ids  is  modifie*!  by  a  variety  of 
circumBtances.  The  nature  of  the  jjroteid  itself  makes  a  differ- 
ence, though  this  is  determined  probably  by  physical  rather 
than  by  chemical  characters.  Hence  in  making  a  series  of  com- 
parative trials  the  same  proteid  should  be  used,  and  the  form  of 
proteid  most  convenient  for  the  purpose  is  fibrin.  If  it  l)e  de- 
sired simply  to  ascertain  whether  any  given  specimen  has  any 
digestive  powers  at  all,  it  is  best  to  use  boiled  fibrin,  since  raw 
fibrin  is  eventually  dissolved  by  dilute  hydrochhiric  acid  alone, 
probiibly  on  account  of  eonie  pepsin  present  in  the  blood  becom- 
ing entangled  with  the  fibrin  during  coagulation.  Btit  in  esti- 
mating quantitatively  the  peptic  power  of  two  specimens  of 
gastric  juice  under  different  conditions,  raw  fibrin  prepared  by 
Griinzter's  method  is  the  most  convenient. 


Portions  of  well-wubcd  fibrin  are  stoined  with  carmine  nnd  Again 
washed  to  n-move  thp  fniperfluou.n  coloring  mult«r.  A  fnigrnent  of  this 
colored  fibrin  thrown  into  an  active  juice,  on  becumingdisfi-tlved,  gives  up 
iti  color  to  the  fluid,  and  if  th»  same  *U)cli  of  colured  flbrin  bv  used  in  » 
terio*  of  oxi>erimcnts,  the  amount  of  fibrin  dis*olv«'d  may  be  fnirlv  esti- 
mated by  the  depth  tif  tint  given  to  the  tJuid.  Fibrin  thus  colored  witli 
ciiruiine  nmy  bu  preserved  in  ether. 

Since,  if  sufficient  time  be  allowed,  even  a  small  quantity  of 
gastric  juice  will  dissolve  at  least  a  very  large  if  not  an  indefi- 
nite quantity  of  fibrin,  we  arc  led  to  take,  as  a  measure  of  the 
activity  of  a  specimen  of  gastric  juice,  not  the  quantity  of  fibrin 
which  it  will  ultimately  dissolve,  but  the  rapidity  with  which  it 
dissolves  a  given  quantity. 

The  greater  the  surface  presented  to  the  action  of  the  juioe, 
the  more  rapid  the  solution,  hence  minute  division  and  constant 
movement  favor  digestion.  And  this  is  probably,  in  part  at 
least,  the  reason  why  a  fragment  of  sjiongy  filamentous  fibrin  is 
more  readily  dissolved  than  a  84jlid  clump  of  boiled  white  of 
egg  of  the  same  size.  Neutralization  of  the  juice  wh{dly  arrests 
digestion  ;  fibrin  may  be  submitted  for  an  almost  indefinite  time 
to  the  action  of  neutralized  gastric  juice  without  being  digested. 
If  the  neutralized  juice  be  properly  acidified,  it  may  again 
become  active;  in  gastric  juice,  however,  which  has  been  made 
alkaline,  and  kept  ut  a  tein[>craturc  of  35^,  the  solvent  powers 
are  not  only  suspended  but  actually  destroyed.  Digestion  is 
most  rapi<i  with  dilute  hydrochloric  acid  of  0.2  per  cent,  (the 
acidity  of  natural  gastric  juice).    If  the  juice  contains  much 
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more  or  much  less  free  acid  than  this,  its  activity  is  visibly  im- 
paired. Other  acids,  lactic,  phoaphuric,  etc.,  may  he  substituted 
for  hydrochloric,  but  they  are  not  so  eflectual.'aud  the  degree  of 
acidity  most  useful  varies  with  the  ditfereut  acids.  The  presence 
of  neutral  salts,  such  as  sodium  chluride  in  excess,  is  injurious. 
The  action  of  mammalian  gastric  juice  is  most  raj>id  at  35°  to 
40^  C. ;  at  the  ordinary  temperature  it  is  much  slower,  and  at 
about  0^  C.  ceases  altogether.  The  juice  may  be  kept,  however, 
at  0'^  C  for  an  iudeOnite  [>eriod  without  injury  to  its  powers. 
The  gastric  juice  of  cold-blooded  vertebrates  is  relatively  more 
active  at  low  teruperatures  than  that  of  warm-bloodetl  mammals 
or  birds. 

At  temperatures  much  above  40^  or  45^  the  action  of  the  juice 
is  impaired.  By  boiling  for  a  few  minutes  the  activity  of  the 
most  powerful  juice  is  irrevocably  destroyed.  The  presence  in  a 
concentrate<l  form  of  ihe  products  of  iligestiou  hinders  the  pro- 
cess. If  a  large  quantity  of  fibrin  be  placed  in  a  small  quantity 
of  juice,  digestion  is  suou  arrested  ;  on  dilution  with  the  normal 
hydrochloric  acid  (2  per  cent. ),  or,  if  the  mixture  be  submitted 
to  dialysis,  to  remove  the  peptones  forme<J,  and  its  acidity  be  kept 
up  to  the  normal,  the  notion  recommences.  By  removing  the 
products  of  digestion  as  fast  as  they  are  formed,  and  by  keeping 
up  the  acidity  to  the  normal,  a  given  amount  of  gastric  juice 
may  be  mad^to  digest  a  very  large  quantity  of  proleid  material. 
Whether  the  qimnlity  is  really  iinliiiiited  is  disputed  ;  but  in  any 
case  the  energies  of  the  juice  are  not  rapidly  exhausted  by  the 
act  of  digestion. 

Nature  of  the  Action. — All  these  facts  go  to  show  that  the 
digvstive  action  of  gastric  juice  on  proiei<ls,  fike  that  of  saliva  on 
etarch,  is  a  ferment-action  ;  in  other  words,  that  the  solvent  action 
of  gastric  juice  is  essentially  due  to  the  presence  in  it  of  a  ferment- 
body.  To  this  ferment-body,  which  as  yet  has  been  only  ap- 
proximately isolated,  the  name  of  pepsin  has  been  given.  It  is 
present  not  only  in  gastric  juice,  but  also  in  the  glands  of  the 
gastric  mucous  membrane,  especially  in  certain  parts,  and  under 
certain  conditions  which  wc^hall  study  presently.  The  glycerine 
extract  of  gastric  mucous  membrane,  esfrecially  iif  that  which  has 
?n  dehydrated,  coutainn  a  minimal  quantity  of  proteid  matter, 
id  yet  is  intensely  active.  Other  uiethiKls.  such  as  the  elaborate 
one  of  Brilckc.  give  us  a  materia!  which,  though  containing 
nitrogen,  exhibits  none  of  the  ordinary  proteiil  reactions,  and  yet 
in  concert  with  normal  dilute  hydrochloric  acid  i«  peptio  in  the 
highest  degree.  Wc  seem,  tlicrefore,  justified  in  nhseriing  that 
pe|>sin  is  not  a  proteid,  but  it  would  be  hazardous  to  make  anj 
dogmatic  statement  concerning  a  substance,  obtained  in  small 
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quantity  only,  probably  mixed  with  other  bodiea,  and  the 
chemical  characters  of  which  we  know  as  yet  very  little.  At 
present  the  mauifeetntioD  of  peptic  powers  is  our  only  safe  test  of 
the  presence  of  pepsin. 

In  one  iuipnrtaut  respect  pep&iu,  the  ferment  of  Kftstric  juice, 
differs  from  ptyalin,  the  fernieiil  of  saliva.  Saliva  is  active  in  a 
perfectly  neutral  medium,  and  there  seems  to  be  no  special  con- 
nection between  the  ferment  and  any  alkali  or  acid.  la  gastric 
juice,  however,  there  is  a  strong  tie  between  tlie  acid  and  the 
ferment,  so  strong  that  some  writers  speak  of  pepsin  ami  hydro- 
chloric acid  as  forming  together  a  compound,  pepto-hydrochloric 
acid. 

In  the  absence  of  exact  knowledge  of  the  coostitution  of  pro- 
teids,  we  cannot  state  distinctly  what  is  the  precise  nature  of  the 
change  into  peptone.  Judging  from  the  analogy  with  the  action 
of  saliva  on  starch,  we  may  fairly  suppose  that  the  process  is  at 
bottom  one  of  hydration ;  but  we  have  no  exact  proof  of  this, 
and  it  is  at  least  quite  as  probable  that  peptone  arises  by  a  simple 
splitting  up  of  larger  nroteid  molecules.  I'eptone  closely  resem- 
bling, if  uot  identical  with,  that  obtained  by  gastric  digestion, 
may  be  obtained  by  the  action  of  strong  acids,  by  the  prolonged 
action  of  dilute  acids,  especially  at  a  high  temperature,  or  simply 
by  digestion  with  super-heated  water  in  a  Papin's  digester.  The 
role  of  pepsin,  therefore,  is  only  to  facilitate  a  change  which  may 
be  eflecled  without  it. 

All  proteiils,  so  far  as  we  know,  are  converted  by  pepsin  into 
peptone.  Of  its  action  on  other  nitrogenous  substances  not  truly 
proteid  in  nature,  we  need  finly  say  that  mucin,  nuclein,  and  the 
chemical  basis  of  horny  ti^ues,  are  wholly  unatreoted  by  it,  but 
that  the  gelatiniferous  ti&sues  are  dissolved  and  changed  into  a 
substance  so  far  anah^gous  with  peptone,  that  the  characteristic 
property  of  gelatinization  is  entirely  lost,  ('horulrin  and  the 
elastic  tissues  are  also  dissolved. 


Action  of  Oastric  Juice  on  Milk. — It  has  long  been  known 
that  an  infusion  of  calves'  stomach,  called  rennd,  has  a  remark- 
able effect  in  rapidly  curdling  milk,  and  this  projierty  is  made 
use  of  in  the  nianufaclure  of  cheese.  Gastric  juice  has  a  similar 
effect;  milk  when  subjected  to  the  action  of  gastric  juice  is  first 
curdled  and  then  digested.  If  a  few  drops  of  gastric  juice  he 
added  to  a  little  milk  in  a  test-tube,  and  the  mixture  exposed  to 
a  temperature  of  40^,  the  milk  will  curdle  into  a  complete  clot 
in  a  very  short  time.  If  the  action  be  continued,  the  curd  or  clot 
will  be  ultimately  dissolved  and  digested.  Milk  contains,  besides 
Albumin,  fats,  milk,  sugar,  and  various  salines,  a  peculiar  proteid 
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called  casein,^  a  body  allied  to  the  so-called  alkali-albiiiniD.  In 
Datunil  milk  casein  ia  present  in  smlution,  nmi  "curdling"  con- 
eidts  es^uiially  in  tlie  casein  becoming  insoluble  and  biing  pre- 
cipitated in  a  solid  form,  n  great  deal  of  tbe  fat  being  generally 
carried  down  with  it.  Ni>w  casein  ia  readily  precipitated  from 
milk  upon  the  addition  of  a  small  quantity  of  acid,  and  it  might 
he  fluppo^ed  that  the  curdling  ctVecl  of  gastric  juice  wob  due  to 
its  acid  reaction.  But  this  is  not  the  case,  for  neutralized  gastric 
juice,  or  neutral  rennet,  is  equally  cfficaeioua.  Moreover,  the 
substance  thrown  down  by  an  acid  i^  not  quite  exactly  the  same 
a.s  that  which  appearo  iu  curdling. 

The  etfoot  is  cli^seiy  dependent  on  temperature,  being  like  the 
peptic  action  of  gastric  juice  favored  hy  a  rise  of  temperature  up 
10  about  40^.  Moreover,  the  curdling  action  is  destroyed  by 
previous  boiling  of  the  juice  or  rennet.  These  facts  suggest  that 
a  ferment  is  at  the  bottom  of  the  matter;  and,  indeed,  all  the 
features  of  the  action  support  this  view.  The  ferment,  however, 
is  not  pepsin,  but  some  other  body ;  and  the  two  miiy  be  sepa- 
rated by  cautiously  adding  magnesium  carbttuate  to  gastric  juice 
or  to  an  infusion  of  calves*  stomach.  The  clear  fluid,  left  above 
the  precipitate  thus  formed,  readily  curdles  milk,  hut  even  when 
acidified  has  no  peptic  action  ou  proteids,  showing  that  the  pre- 
cipitate caused  by  the  addition  of  the  magnesium  carbonate  has 
carried  down  all  the  pepsin,  but  left  behind  at  least  a  good  deal 
of  the  rennet-ferment. 

lU-nnet-ferment  seems  to  be  present  in  variable  quantity  in  the 
gastric  juice  of  most  animals,  and  may  also  be  obtained  from  the 
ffastric  mucous  membrane  i>f  many  though  not  all  animals.  It 
IS  especially  abundant  in  the  stomach  of  the  calf. 

It  has  been  sviggested  that  the  ferment  might  act  by  inducing 
a  fermentation  in  the  sugar  of  milk,  giving  rise  to  lactic  acid, 
which  precijutates  the  casein  by  virtue  of  its  being  an  acid.  But 
this  view  is  disproved  not  only  by  the  difference  in  the  product 
mentioned  above,  but  also  by  the  fact  that  casein  precipitated 
from  milk  by  neutral  salts,  wiished  frre  from  milk  sugar  and 
redissolved,  forms  a  fluid  which  is  readily  curdled  by  rennet  like 
natural  milk.  It  seems  probable  that  the  ferment  really  acts 
on  the  casein,  converting  it  in  some  way  from  a  soluble  to  an 
insoluble  form. 


\^PU\j9iological  Anniomy  of  the  Liver. 

The  liver  is  the  largest  gland  iu  the  bo<iy,  It  is  very  vascular, 
receiving  not  only  the  arterial  bhHKl  from  the  hepatic  artery  for 
ita  own  nutrition,  but  also  the  blood  of  the  portal  vein,  which 
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ccntoiDB  the  great  portion  of  the  products  of  digestion.  The  blood 
ifl  conveyed  trom  the  liver  hy  the  hepatic  veins  which  empty  into 
the  inferior  venu  cuvu.  The  bile,  which  is  tiie  principal  secretion 
of  the  organ,  is  couducte<l  from  the  liver  through  two  ducts 
whii^h  unite  to  form  the  hepatic  duct. 

The  liver  is  covered  with  a  delicate  arectlar  tissue  which  sends 
processes  or  trabeculre  into  its  substance  between  the  lobules.  A 
prolongation  of  this  areitlar  tissue  acmmpanies  the  vee&els  as  a 
sheath  into  the  organ,  and  is  called  CflissDn's  capsule.  The  liver 
is  partially  covered  with  perilnneuni,  wliich  by  its  reduplications 
forms  the  hepatic  ligamenta  which  eusjiend  the  viscus  in  the 
abdominal  cavity. 

The  substance  of  the  liver  is  composed  of  lobules  having  a 
polygonal  outline.  These  lobules  are  made  up  of  irregular  poly- 
hedral rounded  cells,  which  arc  granular  and  nucleated,  sonie- 
tiraes  containing  two  or  more  nuclei  cFig.  100).    The  cell  contents 
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are  viscid,  yellowish,  and  coutain  oil  gh^bules.     These  cells  com- 
prise the  secretory  portion  of  the  Hver. 

The  lobules  are  extremely  vascular,  and  the  distribution  of 
the  bloodvessels  to  them  la  very  complex.  They  are  observed  to 
have  a  large  vessel  in  the  centre,  which,  through  its  capillaries, 
communicates  with  the  capillaries  of  an  intricate  plexus  of  ves- 
sels coming  from  the  circumference.  The  portal  vein,  hepatic 
artery,  and  hepatic  duct  run  in  company  in  their  disiribution. 
The  hepatic  vein  and  iu  nuuitications  run  indei>endently  of  the 
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other  veaeels.  In  Fig.  102  is  showu  a  luugitudiual  eectioD  of  a 
[>ortal  canal,  which  containa  a  portal  vein,  hepatic  artery,  and 
hepatic  duct. 

The  portal  vein  sends  its  brancl»eg  between  the  lobules,  which 
are  called  the  interlobular  veins.  The  veins  tbrm  a  dense  plexui 
of  capillaries  in  the  substance  of  the  lobule,  and  are  seen  to  com- 
municate with  other  aipillariea  which  converge  and  form  one 
large  vein  iu  the  centre,  termed  an  m/r«lol>uliir  vein.     Between 

Fio.  103. 


^•vUon  of  •  Portii^n  of  Ltttir  pawing  iMiiicitutliJutlly  ilmiUKli  ii  Inritf  Hi'i«ltr  Vdu,  fhim 

tlu)  P!g  laflirr  Kl»ninn)  i  U,  )in)mtir  voiimiih  tnink.  iiiciLlri'd  wliidi  th"  mMr*  nt  tliit  lotmlo* 
«n<  npitlit^l ;  ^,  rol>lot>uIftr  )if>j«tlr  Ti>Jti-,  i>t)  whkh  Uk-  Imummi  ol  thx  loliulon  rvitt^  ami  Ihnxigli 
Ihe  MatN  vf  wblvb  ib<-y  am  hwii  w)  |Milyiri>iMl  ftKUn^ ;  •(,  n,  waU«  uf  Ittn  liopsUv  veoifiW 
raiinl,  foniuid  hj  thv  pulvpttiji)  InuRv  uC  tlit>  l'ibiil«w. 

the  meshes  of  this  intralobular  capillary  plexus  are  found  the 
hepatic  cells  (Fig.  101).  The  in^^rJ^)buln^  vein  empties  into  a 
larger  vein  at  the  base  of  the  lobule,  which  is  called  a  j*!/61ahuJar 
vein.  These  aublobular  veins  unite  to  form  the  hepatic  veins 
(Fig.  10.3).  The  walls  of  the  hepatic  veins  are  very  thin,  and, 
unlike  the  }H)rtal  veins,  have  no  areolar  investment.  The  dis- 
tribution of  the  hepatic  artery  and  of  the  larger  branches  of  the 
hepatic  duct,  ia  similar  to  that  of  the  portal  vein. 
The  larger  branches  of  the  hepatic  ducts  are  lined  with  oylin- 
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dricat  epithelium  ;  the  smaller  branches  arc  lined  with  spheroidal 
epithelium.  The  relation  which  the  terminal  filaments  of  the 
duct  bear  to  the  cells  has  not  as  yet  been  defiDitcly  determined. 
The  smaller  biliary  ducts  form  a  capillary  plexus,  within  the 
meshes  of  which  are  the  hepatic  cells  (.Fig.  104).  The  ultimate 
biliary  ducts  are  supposed  to  l>e  mere  intercellular  passages, 
baring  no  cell-wall,  and  measuring  about  2.5  mm.  in  diameter 


Fie.  104. 


Fio.  105. 


Fto.  104.— Injtwtol  Blllfti7  0»pUUr(es  of  tbe  IJr«r  of  ttn*  RaMjU     Pun  i>f  « luliiU 
Ibe  ■mnfp'uwiti  of  tho  bdUr;  ilitrta  In  nUtiofi  to  Uia  ke|«l](-  n-lla.     «,  mpllUrica  \ 
dm  L* ;  t;  lirjMtic  (Wb  .  f,  tiUoTf  dncte  ;  <  C«|illUrj  blomlvt^mrliL 
Flo.  1U6. — AecUun  of  lUM'it'H  I.ivcr  1rijt<c(i>d      e,  h\fji»l  r»|illlBrif« :  h,  )>[)»  pn 
nocltm  of  1i«|mUo  nil. 

(Fig.  105).  The  liver  is  supplied  with  nerves  from  the  sym- 
pathetic, the  pneumogastric  (the  leil,  especially),  and  the  right 
phrenic. 

On  the  inferior  surface  of  the  liver  is  an  accessory  organ,  called 
the  gall-bladder,  which,  during  the  intervals  of  digestion,  serves 
aa  a  receptacle  for  the  bile.  The  mechanism  by  which  the  bile 
ia  carried  into  the  gall-bludder  is  somewhat  obscure.  The  bile  ia 
conveyed  from  the  liver  through  the  hepatic  duct,  which,  uniting 
with  the  cystic  duct  of  the  gall-bladder,  forma  the  durhts  com- 
mwiis  choledofhuif,  which  conveys  the  bile  during  digestion  in  the 
duodenum.  The  mechnnisra  by  which  the  bile  gets  into  the  gall- 
bladder is  probiibly  due  to  both  a  tonic  condition  of  sphiiicteric 
muscular  fibres  surrounding  the  outlet  of  the  dveiug  coinmunia 
choUdochxis,  and  a  reversed  peristalsis  of  tbe  muscular  fibres  in 
the  wall  of  the  ducL 

The  function  of  the  liver  is  Iwlh  secretive  and  excretive.  Ito 
principal  secretiuns  are  the  bile  and  a  |>eculiar  amyloid  substance 
called  glyc<»gen.  Its  princi|iHl  excretion  is  an  alcohol  termed 
oholesterin.  It  is  BUp|M>t}ed  by  I'rof.  A.  Flint.  Jr.,  that  this  sub- 
stance is  converted  in  the  intentine  into  a  new  substance  which  he 
o&Ua  stercorin.] 
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Bile. 

The  (juantity  of  bile  varies  much,  not  only  in  diflcrent  aninialn, 
but  in  the  sume  niiimiil  at  diflerenl  times.  It  is,  moreover,  affected 
by  the  length  of  the  sojourn  in  the  gall-bladder  ;  bile  tuken  direct 
from  the  hepatic  duct, especially  when  secreted  ranidly,  contains 
little  or  no  mucus;  that  taken  from  the  gall-bladder,  as  of 
elanghtcred  oxen  or  sheep,  is  loaded  with  mucus.  The  color  of 
the  bile  of  carnivorous  aiul  omnivorous  animals,  and  of  man,  is  a 
bright  golden-red  ;  of  graininivonnis  animals,  a  gulden-green,  or 
a  bright  green,  or  a  dirty  green,  acconling  to  circumstances,  being 
much  modiiied  by  retention  in  the  gall-bladiler.  The  reaction  is 
alkaltuo.  The  following  may  be  taken  as  the  average  compoei- 
tiou  of  liumau  bile  (Frerichs): 

In  l<X"i  |iAna. 
Wftior 859.2 

Solids: 

Bilo  finlls 91.4 

Fats,  utc 9.2 

CLoU'Sterin 2,6 

MtictiH  and  pigment iJ'.i.H 

Inorgunic  suits 7.8 

140.8 


The  entire  absence  of  proteids  is  a  marked  feature  of  bile. 
With  regard  to  the  inorganic  ealts.  the  points  of  interest  are  the 
presence  of  a  large  quantity  of  eodium  chlnnde  (0.*2  to  0.27  per 
cent.),  the  presence  of  phosohales,  of  iron  (about  0.006  per  cent.}. 


1  OS  mill 
»hI1v, 


manganese,  ami,  occasKtnuiiy,  at  all  events,  of  copi>er.  The  ash 
couiainw  soda  in  a  very  large  amount,  and  al:((t  sul[>hale8,  b{»th 
coming  from  the  bile-sulUi.  The  peculiar  body  cholesterin  is 
conspicuuna  by  it.s  tjuanlitv  and  cimatancy,  but  iu  physiological 
functions  are  olwcure.  'I  he  constituents  which  deserve  chief 
attention  arc  the  pigments  and  the  bile-saltfi. 

Pigments  of  Bile. —  The  natural  golden-red  color  of  normal 
Imniau  or  carnivorous  bile,  is  due  to  the  presence  of  JSi/iVwim. 
This,  which  iialso  the  chief  pigmentary  constituent  of  gall-stones, 
and  occurs  largely  in  the  urine  of  jaundice,  may  be  obtained  in 
the  form  either  of  an  orange-colored  powder,  or  of  woll-fornied 
rhombic  tablets  and  pri?ms.  Insoluble  in  water,  and  but  little 
soluble  in  ether  and  alcohol,  it  is  readily  soluble  in  chlonforni, 
and  in  alkiiline  lluide.  Its  composition  is  Cj^Hj^N^Oa.  Treatcsi 
with  oxidizing  agents,  such  as  nitric  acid  yellow  with  nitrous  Hciil, 
it  displavs  a  succession  of  colors  in  the  order  of  the  B|)ectruiii. 
The  yellowish  golden-red  becomes  green,  this  a  greeuish-bluc, 
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then  blue,  next  violet,  afterwards  a  dirty  red,  and  finally  a  pale 
yellow.  This  cliarnoteristic  reaction  of  bilirubin  i»  the  baeis  of 
the  so-called  Gmelin's  test  for  bile-pignients.  Kach  of  these 
stages  represcnU  a  distinct  pigmentary  substance.  An  alkaline 
BolutioD  of  bilirubin,  exposed  in  a  shallow  vessel  to  the  action  of 
the  air,  turns  green,  becoming  converted  intofii7u'frd(n(C„Hj,NjOj 
or  C,JI,sN/^(,  Maly),  the  green  pigment  of  herbivorous  bile, 
BiUvenlin  is  also  found  at  times  in  the  urine  of  jaundice,  and  is 
probably  the  body  which  gives  to  bile  which  has  been  exposed 
to  the  action  of  gastric  juice,  as  in  biliary  vomits,  its  character- 
istic green  hue.  It  is  the  first  stage  of  the  oxidation  of  bilirubin 
in  Guielin's  teal.  Trcaic<l  with  oxidizing  agents  biliverdin  rune 
through  the  same  series  of  colors  of  bilirubin,  with  the  exception 
of  the  initial  golden-red. 

The  Bile  Salts. — These  consist,  in  man  and  many  animals,  of 
9odium  fflycochohie  and  iaurorholate ;  the  proportion  of  the  two 
varying  in  different  animals.  In  man,  botn  the  iauxX  quantity  of 
bile  salts  and  the  proportion  of  the  one  bite  salt  to  the  other  seem 
to  vary  a  good  deal,  hut  the  glycocholate  is  said  to  be  always  the 
more  abundant.  In  ox -gall,  sodium  glycocholate  is  abundant, 
and  taurocholate  scanty.  The  bile  salts  of  the  dog,  cat,  bear,  and 
other  carnivora,  consist  exclusively  of  the  latter. 

Insoluble  in  ether,  but  soluble  in  alcohol  and  in  water,  the 
aqueous  solutions  ftaving  a  <lecided  nlknline  reaction,  both  salts 
maybe  obtained  by  crystallization  in  Hoeacicular  needles.  They 
are  exceedingly  deliquescent.  The  solutions  of  both  acids  have 
a  dextro  rotatory  action  on  polarized  light. 

Prepa.ration. — Bile,  mixed  with  animal  cbsrcoal,  is  ovapumted  to 
dryne&s  nnd  oxtnict«d  with  alcohol.  If  nr>t  cuImHi'M,  Iho  ulcuholic  flltmte 
roust  be  further  dcouK>ri/cd  with  ttriin)Al  chttrt'oul,  &ntl  ihe  nlcohol  dis- 
tilled off.  The  dry  naiduo  is  treutcd  with  iibooUito  alct'liul,  mid  to  ihc 
Alcoholic  flitmte  iinhydrouK  otbor  i«  nddi'd  ns  l"ng  nn  any  precipitate  is 
formed.  On  standing,  the  cloudy  ppocipitiite  becmnea  tninjif<»ni»ed  into  a 
ory»tHlline  intiss  nt  th<4  bottom  of  th^  vo»«4.'I.  If  the  alcohol  be  uut  abso- 
lull',  the  crystals  «rfl  very  apt  to  be  cbiinged  into  a  thick  «ynipy  fluid. 
This  maaa  of  cr\-sta1s  ha^  been  oAen  B|Ktk«n  of  a«  hilin.  Both  sult^  are 
thus  precipitated,  tn  tbnt  in  »uch  n  bilv  as  thnt  of  the  ox  or  raan,  bilin 
coniUts  both  of  Bixliiiiii  iflycochoiato  and  stMJntm  tauntcbolate.  The  two 
mav  be  Mpnratefl  by  prwipitiitinn  fr.ini  their  nqm-oii!*  Milutionv  with  sugnr 
of  lead,  which  throws  down  the  former  much  more  rtadily  than  tJie 
ladcr.  The  acid*  nmy  be  sopftrolftl  from  their  n?*fK'ctive  salts  bv  dilute 
sulphuric  aciil,  or  by  the  action  of  lend  ueetute  and  sulphydric  acid. 

On  boiling  with  dilute  acids  (sulphuric,  hydrochloric),  or 
cauatic  potash,  or  baryta  water,  glycochoHc  acid  is  split  up  into 
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cholalic  (cholic)  acid  and  glycin.     Taurocholic  acid  may  aioii- 
larly  be  split  up  iuio  cholalic  acid  and  taurin.     Thus 

lilyuifbulk  aci<l.  c:ituUlk-  »cUl.  iJlj^elu. 

CJl^m,  -r  H.0  =  C„H„0,  -(-  CjU^NO. 

Taurunti4)ltc  acid.  CboUllc  Hold.  tMtiin. 


Both  acida  cuiituiti  the  same  uouuitrogeuous  aci<l,  chuhilic  ncid; 
but  thia  acid  ia  in  the  iiret  ca.«e  ajsociuted  or  conjugated  with  the 
important  nitrt»genou8  body  glycin,  or  amido-acelic  acid — that  ia, 
a  compound  formed  out  of  ammonia,  and  one  of  the  series  of 
fatty  aciiU,  viz.,  acetic ;  and  in  the  second  case  with  tauriu,  or 
amitio-isethionic  acid— that  is,  a  compound  formed  out  of  am- 
monia, a  member  of  the  ethyl  group,  and  sulphuric  acid.  The 
decompoHilion  of  the  bile  acids  into  cholalic  acid  and  taurin  or 
glycin  respectively  takes  place  naturally  in  the  intestine,  the 
glycin  and  taurin  being  absorbed,  so  thai  Iron;  the  two  acids, 
auer  they  have  served  their  pur|HJ8e  in  digestion,  the  two 
ammonia  compounds  are  returned  into  the  blood.  Either  of  the 
two  acids,  or  cholalic  acid  alone,  when  treated  with  ijulphuric 
acid  and  cane-sugar,  gives  a  magnificent  purple  color  (Petten- 
kofer'a  test)  with  a  characteristic  spectrum.  A  similar  color 
may  often  be  produced  by  the  action  of  the  same  bfxliea  on 
albumin,  amyl  alcohol,  and  some  other  organic  bodies. 

Action  of  Bile  on  Food.  In  some  animals  at  least  bile  con- 
tains a  ferment  capable  of  converting  starch  into  sugar  ;  but  its 
action  in  this  respect  is  wholly  subordinate. 

On  [)roteid8  bile  has  no  direct  digestive  action  whatever,  but 
since  it  is  at  least  often  alkaline  it  tends  to  neutralize  the  acid 
contents  of  the  stomach  as  they  pass  into  the  duodenum  and 
80  prepares  the  way  for  the  action  of  the  pancreatic  juice.  To 
peptic  action  it  is  distinctly  antagonistic ;  the  presence  of  a 
sufficient  quantity  of  bile  renders  gastric  juice  inert  towards  nro- 
teids.  Moreover  when  bile,  or  a  solution  oi'  bile-salts,  is  added 
to  a  fluid  containing  the  products  of  gastric  digestion,  a  precipi- 
tate takes  place,  consisting  of  parapeptone,  jHjptone,  and  bile 
ealls.  The  precipitate,  however,  is  rcdissolvetl  in  an  excess  of  bile 
or  8i>lution  of  bile  salts.  C'Oncerning  the  purpose  of  this  precipi- 
tation, which  actually  takes  place  in  the  duodenum,  we  shall 
speak  herealler. 

With  regard  to  the  action  of  bile  on  fats,  the  following  state- 
ments may  be  made  : 

Bile  has  a  slight  solvent  action  on  fats,  us  seen  in  its  use  by 
painters.     It  has  by  itself  a  slitrht  but  uuly  slight  emulsifying 

2G» 


^^^PIHHig^^nSTs  in  rough  lUGiiibranes  is  iisaiBted  b_ 
merabraues  tb  bile,  or  with  aaolutiou  of  bile  salts 
with  coneidc  ..ble  case  through  a  filter-paper  kep 
eolution  of  bile  salts,  whereas  it  passes  with  cxtre 
through  one  kept  constantly  wet  with  ciistilled  wate 

Lastly  bile  posBesscs  so-called  aDtisej)tic  qualities 
body  ita  presence  hinders  various  putrefactive  pr* 
when  it  is  prevented  from  llowing  into  the  alinicutar 
coDtcnls  of  the  intestine  undergo  changes  dirteron 
which  take  place  under  normal  conditions,  and 
appearance  of  various  products,  especially  of  ill-sm 

These  various  actions  uf  bile  seem  to  be  de|K'ndent 
Baits  and  not  on  the  pigmentary  or  other  coustitueuti 

The  Physiological  Anaiomy  of  Uie  Panereai 

The  physiological  anatomy  of  the  pancreas  is  esse) 
f  the  salivary  gland)*.  The  lobes  are  compiised  (tf  lot 
&re  made  up  of  alveoli.  It  possesses  a  single  duct, 
b'eys  the  pancreatic  fluid  into  the  intestine  either  t 
ndividual  orifice,  or  by  one  common  to  it  and  the  € 
uunis  choledochus.] 

Panerealie  Juice, 

Natural  healthy  )>anrreatic  juice  obtained  by  mcai 
orary  pancreatic  fistula  diflbrs  from  the  preceding  fl 
oiiiparatively  large  quantity  of  proieids  which  it  coj 
mpositiou  varies  according  to  the  rate  of  secrctio 
e  more  rapid  Ihtw.  the  increase  of  tutnl  MnlidK  Jnj 


PANCRBATIC   JUIC*. 


807 


I 

i 

I 


HenlLhy  pancreatic  Juice  is  a  clear  viscid  fluid,  i'rothing  when 
shaken.     It  has  a  very  decided  alkaline  reaction,  and  coDtain§ 

few  or  no  sLructurul  coiidlilueiits. 

The  Hvemge  nmouiit  of  solids  in  the  pancreatic  juice  of  the 
dog  when  obtained  from  a  temporary  fistula  is  about  ^  to  10  per 
cc^nt;  but  in  the  thoroughly  active  secretion  from  a  permanent 
fistula  it  is  not  more  than  about  2  to  5  per  cent.,  0.8  being  inor- 
ganic n»atter,  and  ihis  is  probably  the  nornia)  amount.  The 
important  constituents  are  all)umin,  a  peculiur  form  of  casein  or 
alkali-albumiu  (precipitable  by  saturation  with  magnetjium  sul- 
phate), peptone,  leucin  and  tyrosin,  a  small  amount  of  fats  and 
soaps,  and  a  coniparatively  large  quanlity  of  smlium  carbonate, 
to  which  the  alkaline  reaction  of  the  juice  is  due,  and  which 
seems  to  be  pecutinrly  associated  with  the  albumin. 

Since,  as  we  shall  presently  see,  pancreatic  juice  contains  a 
fermeitt  acting  energetically  on  proteid  matters  in  an  alkaline 
medium,  it  rapidly  digesta  itself;  and,  when  kept, speedily  changes 
in  character.  Perfectly  fresh  juice  np|>cars  to  contain  a  sub- 
stance not  unlike  myosin,  giving  rise  to  a  sort  of  coagulation,  but 
the  ooagulnm  is  soon  dissolved.  Perfectly  fre«h  juice  is  also  said 
to  be  almost  entirely  free  from  leucin,  tyrosin,  and  peptone,  which 
also  seem  to  be  the  products  of  self-digestion. 

Action  on  Food-stuffs. — On  gtarch^  raw  or  boiled,  pancreatic 
juice  acts  with  great  energy,  rapidly  converting  it  into  sugar 
(chiefly  maltose).  All  that  has  been  said  in  this  res[>ect  con- 
cerning saliva  might  be  repeated  in  the  case  of  pancreatic  jtiice, 
except  that  the  activity  of  the  latter  is  far  greater  than  that  of 
the  former.  Pancreatic  juire  and  the  n^ueoua  infut*iuii  of  the 
gland  are  always  capable  of  converting  starch  into  sugar, 
whether  the  animal  from  which  they  were  taken  be  starving  or 
well  fed.  From  the  juice,  or,  by  the  glycerine  method,  from  the 
gland  itself,  an  amylolytic  ferment  may  be  approximately 
isolated. 

On  proieid$,  pancreatic  juice  also  exercises  a  solvent  action,  so 
far  similar  to  that  of  gastric  juice  that  by  it  proteida  are  converted 
into  peptone.  If  a  few  shre<l8  of  fibrin  are  thrown  into  a  small 
quantity  of  piincreatic  juice,  they  speedily  disappear,  especially 
at  a  temperature  of  .%')^  C,  and  the  mixture  is  found  to  contain 
peptone.  The  activity  of  the  juice  in  thus  converting  proteids 
into  peptone,  is  favored  by  increase  of  temperature  up  to  40°  or 
thereabouts,  and  hindered  by  low  temperatures;  it  is  permanently 
destroyed  by  boiling.  The  digestive  powers  of  the  juice,  in  fact, 
depen<l,  like  those  of  gastric  juice,  on  the  presence  of  a  ferment ; 
to  this  ferment  the  name  b^ein  has  been  given.  A  glycerine 
extract  of  pancreas,  j)repared  in  the  same  method  as  that  of  the 
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gastric  mucous    membrane,  is  (under  appropriate  conditions) 
active  on  prutvids,  like  the  uatlve  juice. 

The  appearance  of  tibrin  undergoing  pancreatic  digestion  is, 
however,  ditiereut  from  tliai  underguing  peptic  digestion.  In  the 
former  case  the  fibrin  does  not  dwell  up,  but  remains  as  opaque 
as  beforehand  ap{>ears  to  suffer  corrosion  rather  than  solution. 
But  there  is  a  still  uiore  important  distinction  between  pancreatic 
and  peptic  digestion  of  proteids.  Peptic  digestion  is  esBentially 
an  acitl  digestion ;  we  have  seen  that  the  action  only  takes  place 
in  the  presence  of  an  acid,  and  is  arrested  by  neutralization. 
Pancreatic  digestion^  on  the  other  hand,  may  be  regarded  as  an 
alkaline  digestion  ;  the  action  is  most  energetic  when  some  alkali 
La  present;  and  the  activity  of  an  alkaline  juice  is  hindered  or 
delayed  by  neutralizaiiou,  and  arrested  by  uciditicniion,  at  least 
with  mineral  acids.  The  glycerine  extract  of  pancreas  is,  under 
all  cireutnstances,  as  inert  in  the  presence  of  free  mineral  acid  as 
that  of  the  stomach  in  the  j>resence  of  alkalies.  If  the  digettive 
mixture.be  supplied  with  sodium  carbonate  to  the  extent  of  1  per 
cent.,  digestion  proeee<!8  rapidly,  just  as  does  a  peptic  mixture 
when  acidulate'!  with  hydrochluric  acid  to  the  extent  of  0.2  per 
cent,  Sodium  carbonate  of  1  per  cent,  seems,  in  fact,  to  play  in 
pancreatic  digestion  a  part  altogether  comparable  to  that  of 
hydrochloric  acid  of  0.2  per  cent,  in  gastric  digestion.  And,  just 
as  pepsin  is  rapidly  destroyed  by  being  heate<l  to  about  40°  with 
a  1  percent,  solution  of  sodium  carbonate,  so  try[)sin  is  rapidly 
destroyed  by  being  similarly  heated  with  dilute  hydrochloric 
acid  of  0.2  percent.  Alkaline  bile,  which  arrests  peptic  digestion, 
seems,  if  anything,  favi)ral)le  to  pancreatic  digestion. 

Corresponding  to  this  <lifference  in  the  helpmate  of  the  fer- 
ment, there  is  iu  the  two  cases  a  difierenee  in  the  nature  of  the 
products.  In  both  cases  |)eptone  is  produced,  and  such  differ- 
ences as  can  be  detected  between  pancreatic  and  ga^t^io  peptones 
are  comparutivtly  slight;  but  iu  pancreatic  digt-.-ition  the  by e- 
i)roduct  is  not,  as  iu  gastric  digestion,  a  kind  of  aeid-albuniin, 
nut  a  body  having  more  analogy  with  alkali-albumin,  liefore 
solution  has  actually  taken  place,  the  librin  becomes  altered  in 
character.  It  is  soluble  not  only  in  dilute  acids  and  alkalies, 
but  also  in  a  10  per  cent,  solution  of  sodium  chloride,  and  the 
solutions  obtained  by  the  latter  reagent  are  coagnlable  on  boiling 
and  on  the  addition  of  strong  nitric  acid.  The  first  action  of  the 
pancreatic  juice,  therefore,  seems  t*>  he  lo  convert  the  proteid 
under  digestion  into  a  body  iuterm^Vmle  UeUeeu  alkali-albumin 
and  ordinary  nnrivo  albumin* 

But  thoMifh  the  general  chttrflc=lfiW  of  vnncteat'ic  and  giutrio 
di;:estioii  '■  ■  Hurtace  siniilGi^T,^  w  muro  t\»au  probable  that 
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api)earaooe,  in  the  panoreatic  digestion  of  proteids,  of  two 

remarkable  nitrogenons  crystalline  bodiesi,  U-iwln  (Fig.  lOfl)  and 
tijrosin  (Fig.  107).  When  fibrin  (or  other  proteid)  is  aubmitled 
to  the  action  uf  pancreatic  juice,  the  amount  of  peptone  whicli 
can  be  recovered  from  the  mixture  falls  far  ;^hort  of  the  original 


[Fio.  106. 


Fia.  107. 
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amount  of  proteids.  much  more  so  than  in  the  case  of  gastric 
juice;  and  the  longer  the  digeative  action,  llie  greater  is  this 
apparent  losy.  If  a  pancreatic  digestion  mixture  be  freed  from 
the  alkali-albumin  by  neutraliuition,  and  af\er  concentration  by 
evaporation  be  treated  with  excess  of  alcohol,  most  of  the  peptone 
will  be  precipitated.  The  alcoholic  filtrate  when  concentrated, 
gives,  on  cooling,  crystals  of  tyrosiii.and  the  mother  liquor  fmm 
these  crystals  will  afford  abundance  of  crystals  of  leucin.  Thus 
by  the  action  of  the  pancreatic  juice  a  couHiiteruble  amount  of 
the  proteid,  which  is  lieintr  digested,  is  so  broken  u[)  as  to  give 
rise  to  products  which  are  no  longer  proteid  in  natu  re.  From  this 
breakingup  of  the  protfid  there  arise  leucin,  tyrosin,and  probably 
several  other  bodies,  such  as  fatty  acids  and  volatile  suhstrtnces. 

As  is  well  known,  leucin  and  tyrosiu  arc  the  IxKiies  which 
make  their  ajtpearauce  when  proteids  or  gelatin  arc  acted  on  by 
dulute  acids,  alkalies,  or  various  oxdizing  agents.  Now  leucin  is 
amidcj-c^proic  acid,  and  thus  belongs  distinctly  to  the  fatty 
bodies;  while  tyrosin  is  a  member  of  the  aromatic  group,  being 
closely  related  to  benzoic  acid.  So  that  in  pancreatic  digestion 
we  have  the  large  complex  proteid  molecule  split  up  into  its  con- 
stituent fatty  acid  and  aromatic  molecules,  and  into  its  other 
less  distinctly  known  components.  In  gastric  digestion  such  a 
profound  deatrucliou  of  proteid  material  occurs  to  a  much  leas 


k 


310      TISSUES    ANX>    MEOHAKISMS    OP    DIGESTION. 

ext€Dt  or  not  at  all ;  neither  leucin  nor  tyroein  can  at  present 
be  considered  iis  natural  prutiucts  of  the  action  of  pe|>sin. 

Among  the  supplementary  products  ot'pnucreatic  digestion  may 
be  euunieniled  n  body  which  gives  a  violet  color  with  chh>riue 
water  (this  reaction  is  often  seen  iu  the  juice  itself),  and  indol,  to 
which  apparently  the  stroug  and  peculiarly  fecal  odor  which 
makes  its  appearance  duriug  [Kiiicrcalic  digestion  is  due.  Indol, 
however,  unlike  leucin  and  tyrngiu,  is  not  a  product  of  pure 
pancreatic  digestion,  but  of  an  accompanying  decomposition  due 
to  the  action  of  organized  fernienU.  A  pancreatic  digestive 
mixture  soon  becomes  swarming  with  bacteria,  in  spite  of  careful 
precautions,  when  natural  juice  or  an  infusion  of  the  gland  is 
usej:!.  When  isolated  ferment  is  used,  and  atmospheric  germs 
arc  excluded,  or  when  pancreatic  dig('Sti(m  is  carried  on  in  the 
presence  of  salicylic  acid,  which  prevents  the  development  of 
bacteria  and  like  orgauismi*.  but,  permits  the  action  of  the  tryjisin, 
no  odor  is  perceived,  nnrl  no  indol  is  prtxluced. 

After  long-cuntiuued  digestion,  especially  when  accompanied 
by  putrefactive  decomposition,  the  amount  of  proteids  which  are 
carried  beyond  the  peptone  etage  and  broken  up,  may  be  very 
great. 

On  the  gelatiniferous  elements  of  the  tissues  in  their  normal 
condition  paucrciitic  juice  appears  to  have  no  solvent  action.  Iq 
this  respect  it  affords  a  striking  cfmtrast  to  gastric  juice.  But 
when  they  have  been  previously  treatetl  with  aci<l  or  boiled  so  u 
to  become  converted  into  actual  gelatine,  trypsin  is  al)le  to  dis- 
solve them,  npjiarently  changing  them  much  in  the  same  way  as 
does  pepsin.  FrypHiu  unlike  pepsin,  will  dissolve  mucin.  Like 
]>epsin,it  is  inert  towards  uuclcin,  horny  tissues,  and  the  so-called 
amyloid  matter. 

On  Fats  paiioreatic  juice  has  a  twofold  action:  it  eniulsiflee 
them,  and  it  splits  up  neutral  fuls  into  their  respective  acids  and 
glycerine.  If  hog's  lard  be  gently  heated  till  it  melts  and  be 
then  mixed  with  |>:increatic  juice  before  it  solidities,  on  cooling  a 
creamy  emulsion,  lasting  for  almost  an  indctiuite  time,  is  formed. 
80  also  when  olive  oil  is  shaken  up  with  pancreatic  juice,  the 
separation  of  the  two  fluids  takes  place  very  slowlv,  and  a  drop 
of  the  mixture  under  the  microscope  shows  that  tlie  division  of 
the  fat  is  very  iiiijiute.  An  alkaline  aqueous  infusion  of  the 
gliind  ha»  similar  emulsifying  powers,  If  |>erfeetly  neutral  fat 
be  treate*!  with  pancreatic  juice,  es|>ecially  at  the  b<j<ly-teraper- 
ature,  the  emulsion  s()ee<iily  takes  on  an  acid  reaction,  and  by 
appropriate  moans  not  only  the  correS|Mmfling  fatty  acids  but 
glycerine  may  be  obtained  from  tlie  mixture.  When  an  alkali 
is  present,  the  fatly  acids  tlui.s  eet  free  form  their  corresponding 
soaps,     rancreutic  juice  contains  fats,  and  is  consequently  apt 
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aller  collection  to  have  its  alknlinity  reduced;  anH  an  aqueous 
infusion  of  a  pancreatic  glan<l  (which  always  contains  a  consid- 
erable amount  of  fnt)  very  »i>eciiily  bpconjen  acid. 

Thus  pancreatic  juice  18  remarkable  for  the  power  it  possesses  of 
acting  on  all  the  fitodatutld,  on  Etarch,  fats,  and  proteids. 

The  action  on  starch  and  on  proteids,  and  the  splitting  up  of 
fatty  acids  appear  to  be  due  to  the  presence  of  three  distinct  fer- 
mentii,  Hn<]  melho<le  have  been  Buggested  for  isolating  thctn. 
The  euuileiryiuy  power,  on  the  other  hand,  is  couuected  w'ttli  the 
general  composition  of  tbe  juice  (or  of  the  aqueous  iiifu.^iou  of 
the  gland),  being  probably  in  large  measure  dej>endent  on  tbe 
alkali-albumin  present.  The  proteolytic  ferment  trypsin  us  ordi- 
narily prepared  seemstobeproleid  in  nature,  and  capiible  of  giving 
rise,  by  digestion,  to  pent-ones  :  but  it  may  beduubted,  as  in  the 
caseof  pepsin,  etc.,  whether  the  pure  ferment  has  yet  been  isolated. 
There  are  no  means  of  distinguishing  the  amylolytic  ferment 
of  the  pancreas  from  ptyalin.  The  term  pancrenfin  lias  been 
variously  applied  to  many  ditierentpreparalioDS  irom  the  gland, 
and  its  use  had  perhaps  better  be  avoided. 

The  action  of  pancreatic  juice,  or  of  the  infusion  or  extract  of 
the  gland,  on  starch,  is  seen  under  all  circumstances,  whether  the 
animal  be  fasting  or  not.  The  same  may  probably  be  said  of  the 
action  on  fats.  On  proteids  the  natural  juice,  when  secreteil  in  a 
normal  slate,  is  always  active.  The  glycerine  extract  or  aqueous 
infusion  of  the  gland,  on  the  contrary,  differs  at  diHereut  times; 

Prepared  from  an  animal  some  four  to  ten  hours  after  ihod  has 
een  taken,  it  is  very  powerful ;  prepared  from  a  fasting  aidmal, 
it  is  said  to  exhibit  scarcely  any  action  at  all.  To  this  point, 
however,  we  shall  return  immediately. 

[Pftysioloffical  Anatomy  of  (he  3fucous  Metubrane  of  the  Small 
Interline. 

The  mucous  membrane  lining  the  small  intestine  is  thrown 
into  numerous  transverse  fohla.  which  are  called  valvultB  conni- 
vetiicit.  These  folds  are  hoHt  marked  near  ihe  pyloric  end,  and 
are  relatively  few  in  the  ileum.  They  ailurd  a  greater  surface 
for  the  contact  of  food  with  the  absorbing  structures,  while  at  the 
same  time  its  pas.»nge  along  the  intestinal  walls  is  retarded.  The 
surface  of  the  nicmbmne  has  a  soil,  velvety  appearance,  and  if 
seen  by  the  aid  of  a  lens,  it  Appears  thickly  studded  with  innu- 
merable tinger-like  projections,  which  are  called  villi.  At  the 
bases  of  these  villi  are  numerous  miuuie  apertures,  which  are  the 
openings  of  the  secreting  glands.  These  glands  are  of  three 
kinds  :  Brtmricr*  or  raremoge,  B\w\i\e  foHietes  or  gfamU  of  Lieber- 
kfihn,  and  the  agininatt.     The  glands  of  Brunner  (Fig.  108)  are 


812      TISSUES  AND  MSCHAKISMS  OP    DIOESTION. 

racemose  glantia,  and  are  confined  to  the  duodenum.  They  are 
puriially  embedded  in  the  eubraucous  tissue.  In  their  physiology 
thev  are  closely  allied  to  the  pancreatic  gliinds. 

The  glands  of  Licberkuhn  or  simple  follicles  resemble  the  finger 

Fig.  108. 


Partlno*  of  «(ii<>  Iff  llntucr's  UImmU,  ftvm  ihv  lluinMi  DundcniitD. 


of  H  glove  inverted.     They  are  profusely  distributed  in  both  the 

large  and  gmall  inlesline,  and  appear  a»  simide  depresainus  of  the 
mucous  mpmhrune.     Like  the  whole  of  the  intoetinef 

Fio.  low.  they  ure  lined  by  columnar  epithelium.  They  are 
surrounded  hy  capillary  plexuaes  of  bloiKlvessels  and 
lymphatic*,  and  are  the  principal  glands  concerned 
in  the  secretion  of  the  succui*  enfericu^  (Fig.  109). 

The  agminaU  glands,  or  Peyer's  (>alchea,  occur  aa 
localizx-d  collections  of  small  white  mceuli.  (Fig.  110.) 
These  sacculi  are  surrounded  by  dense  capillary  plex- 
uses of  bloodvessels,  which  scntl  numerous  vascular 
loops  into  (he  interior  to  form  a  framework  for  the 
stroma  of  the  organ.  The  stroma  consists  of  an  ade- 
noid tissue  containing  in  its  meshes  tymph-corpusclea 
and  an  opaque  substance  with  oil-^lobuIes. 

These  sacculi  are  embedded  in  the  submucous  tis- 
sue, and  generally  project  more  or  less  above  the  free 
surface  of  the  membrane.  Kach  sacculus  in  some- 
times surrounded  at  its  free  surface  by  an  annular 
depression  or  fossa,  and  encircled  bv  a  z<me  of  (*pen- 
invs.  which  are  the  orifices  of  the  intestinal  fulliciea. 
Villi  arc  sometimes  seen  on  their  surface.     When 

ihe  Mcculi  exist  singly,  they  ore  termed  solitary  glands  (Fig.  1 12). 
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The  functiou  of  the  agminate  glands  is  not  known,  but  it  is 
probable  that  they  are  accessories  of  the  lymphatic  system,  and 
are  aciively  euucerne*!  in  absorption. 

Fio.  110. 
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The  villi  are  covered  witli  cnlumnar  epithelium,  which  is  con- 
tinuous with  the  intestinal  jtuiug,  but  is  somewhat  nioditied  on 


Fig.  111. 


Fig.  U2. 


tf  6' 

7in.  Ill  — 8i«le  tIi^w  of  4  [■•rtinu  fS  luuvtlnul  MnruuA  Meiulmuie  (>r  a  Cut,  ilumlug  » 
IV}^'^*  @1*("1 '*  •  't  i»  euil>nlil«.H|  In  tlm  Aulmiui^txi*  tWut*  /,  ihn  lltM)  of  M^|ML^«Hon  tvtWM'n 
wbioli  luid  tlic  miicona  tncmbmnr  pawpi  acrMv  ti>i  Kinnd  :  h,  ooe  of  tU«  tiil'UJAr  fnllleloi,  tli« 
•irUtcra  of  wbloh  form  the  aoiif  vt  openings  Hromul  tli«  kI<^^:  ^  ^*>  t^'"^  In  tba  muooMj 
m«Hilprmu« :  il,  villi ;  ^  ftillli-ltw  »t  LMwr\t\i\xn.     ARur  llKMUt. 

Flu.  IIK  ~8<.i|lbir)r  gland  of  iiuttll  tiUufltli)«.     After  B<jciih. 

its  free  surface  by  being  striated  (Fig.  90).     Internally, they  are 
composed  of  a  stroma  of  adenoid  tissue,  which  contains  the  blood- 

27 
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vessels,  muscular  fibres,  lacteals,  and  also  fibro-plasUc  cells  and 
fat-globules  (Fig.  113). 

The  laclealg  usually  appear  as  a  single  or  double  loop,  and 
have  no  definable  openings.  They  empty  into  the  lacteala  at 
the  base  of  the  villi.     The  unstriated  muscular  fibres  are  fibre* 


Pio.  US. 
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lu  lU  mrahM  Ui«  dkrk  tr«w*|«,  nhl'li  \\m  |H>rlril  ntpilUrfuK  Nti<l  n  ltt<-li«l  iqifwuliic  a*  a  whitp 

of  the  musadaria  nmcMte,  and  are  supposed  to  ])e  active  elements 
in  emptying  the  lacteals.  The  longitudinal  fibres,  in  c<kDtr&ctiou, 
serve  to  pull  the  villus  down,  and  force  the  contents  of  the  lac- 
teals out,  while  valves  in  the  larger  vessels  prevent  a  reflux  of 
the  fluid.  Tiic  part  which  the  villi  take  in  the  digestive  process 
is  to  nlisnrb  the  prnduels  of  digestion.  This  function  will  be 
again  referred  to  more  in  detail.  The  nerves  are  derive<l  from 
the  puenmogastric  and  sympathetic] 
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Succus  Eritericua. 

When,  ID  a  living  aniinal,  n  portiou  ut'  the  Bniull  intestine  is 
ligatured,  so  that  the  secrulious  coming  down  from  above  cannot 
enter  itH  canal,  while  yet  the  bloo(l-Bup|>Iy  is  malntuined  as  usual, 
a  smalt  amount  of  secretion  collects  in  its  interior.  This  in  spoken 
of  as  the  tmccus  fmtericus,  and  is  supposed  to  be  furnished  by  the 
glands  of  Lieberkilhu.  We  have  no  exact  knowledge,  however, 
as  to  the  extent  to  which  such  a  secretion  takes  place  under 
normal  circuraslauces;  and  the  gtateiuents  with  regard  to  its 
action  are  conflicting.  Probably  it  has  no  direct  action  on  either 
fats  or  proteide;  but  is  amylolytic  in  some  animals,  though  not 
in  all. 

A  amiill  quantity  of  fluid  free  fnim  bilt),  gKHtric  or  pancr«titic  juieu,  and 
which  niAv  be  considered  as  pure  euccus  I'ntcricus,  may  ul^o  1>e  ohuinod 
by  the  following  moiluid  known  «»  that  of  Thin' :  The  sniall  )iite«tine  is 
divided  iu  two  pIsceA  at  some  disUincc  npnrt.  ny  Hne  siitur<:H  the  lower 
end  nf  the  upper  section  is  united  with  the  iip]>er  end  of  thr^  lower 
oeotion,  thus,  as  it  were,  cutting  out  a  whole  pi^ue  uf  the  aniall  inlcsUne 
from  the  Hlimentiiry  trad.  In  stucecsf'Tul  case*,  ufiiou  between  the  out 
siirfflcA<i  tafefji  place,  and  n  .*«1i(>rtone<l  but  othcrwiso  j-utisfHclory  canal  ja 
ro6Htiiblii>litHJ.  Of  the  i^duted  piece  the  Iowit  end  is  carefully  clitfcd  by 
HUtures,  while  the  upper  is  brought  to  the  wound  in  the  ubdomi/ial  wall 
and  secured  there.  A  flKtula  ia  thus  fornird  lending  into  n  short  piece  uf 
inteatine  quite  isolated  from  the  reel  uf  the  ulinieutary  canal. 

Succus  entericus  has  also  been  said  to  change  cane-  into  grape* 
sugar,  and  by  a  fermentative  action  to  convert  cane  sugar  into 
lactic  acid,  and  this  again  into  butyric  acid  with  the  evolution 
of  carbonic  acid  and  free  hyilrogen. 

Of  the  possible  action  of  other  secretions  of  the  alimentary 

lal,  as  of  the  ciecum  and  large  intestine,  we  shall  speak  when 
re  come  to  consider  the  changes  in  the  alimentary  cunal. 

Concerning  the  secretion  of  Brunner's  glands,  our  information 
is  at  present  imperfect.  The  cells  of  the  glands  resemble  the 
central  cells  of  the  gastric  glands;  and  an  extract  of  the  gland 
is  said  to  digest  fibrin  in  an  acid  solution,  but  to  have  no  distinct 
amylolytic  action. 


Sec.  2. — The  Act  of  Secretion  in  the  Case  of  the  Diges- 
tive   JltICES    and    the  NeKVOUS  MECUANtSMB   WHICH 

Regulate  It. 


The  various  juices  whose  properties  we  have  just  studied, 
though  so  different  from  each  other,  are  all  drawn  ultimately 
from  one  common  source — the  blood — and  they  are  poured  into 
the  alimentary  canal,  not  in  a  continuous  flow,  but  intermittently 
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Bfi  nccaeion  may  demand.  The  epithelium  cells  which  supply 
them  have  their  periods  of  rest  and  of  activity,  and  the  amount 
and  (juiility  of  the  fluiila  which  these  cells  secrete  are  determined 
by  ih(»  needs  of  the  ecoDomy  as  the  foixl  passes  alonj^  the  canal. 
We  havu,  therefore,  to  consider  how  the  epithelium  cell  manu- 
factures its  special  secretion  out  of  the  materials  supplied  to  it 
by  the  blood,  and  how  the  cell  is  called  into  activity  by  the 
presence  of  food  at  some  distance  fr<mi  itself,  or  bv  circumstjances 
which  do  not  bear  dirpetly  on  itself.  In  dealing  with  these 
matters  in  connection  with  the  digestive  juices,  we  shall  have  to 
enter  at  some  length  into  the  phyniology  of  secretion  in  general. 

The  question  which  presents  itself  first  is :  By  what  mechanism 
is  the  activity  of  the  secreting  cells  brought  inl<»  play? 

AVhile  fasting,  a  sntall  fjiumtity  only  of  saliva  is  poured  into 
the  mouth;  the  buccal  cavity  is  just  moist  and  nothing  more. 
When  food  is  taken,  or  when  any  sapid  or  Btimulating  substance, 
or,  iudeed,  a  body  of  any  kind,  is  introdueefl  into  the  mouth,  a 
flow  is  induced  which  may  be  very  copious.  Indeed,  the  quantity 
secreted  in  ordinary  life  during  twenty-four  hours  has  been 
roughly  calculated  at  as  much  as  from  one  to  two  litres.  An 
abundant  secrt^tion  in  the  absence  of  foiid  in  the  mnuth  may  be 
called  forth  by  an  emotion,  as  when  the  mouth  waters  at  the 
sight  of  food,  or  by  a  smell,  or  by  events  occurring  in  the  stomach, 
as  in  some  cases  of  nausea.  Evidently  in  these  cases  some  ner- 
vous mechanism  is  at  work.  In  studying  the  action  of  this 
nervous  mechanism,  it  will  be  of  advantage  to  confine  our  atten- 
tion at  first  to  the  submaxillary  gland. 

The  submaxilliuy gland  (Fig.  1  M)  is  supplied  with  nerves  from 
two  sources;  from  the  lorvical  sympathetic  along  the  submaxil- 
lary arterie.s,  and  from  the  Bevenih  or  facial  nerve  by  fibres, 
which,  running  in  the  chonia  tympnni,  join  the  lingual  branch 
of  the  fifi-h  nerve,  from  which  they  <liverge  under  the  lower  jaw, 
and  run  as  a  sujall  nerve  close  boside  the  duct  to  the  gland. 

If  a  tube  be  placed  in  the  duct,  it  is  seen  that  when  sapid 
substances  are  ])larrd  on  the  tongue,  or  the  tongue  is  stimulated 
in  any  other  way,  ur  the  lingual  nerve  is  lai<l  bare  and  stimu- 
lated with  an  )nterru]»ted  current,  a  copious  flow  of  saliva  takes 
place.  If  the  sympathetic  be  divide<t,  stimulation  of  the  t^mgue 
or  lingual  nerve  still  produces  a  flow.  Bui  if  the  small  chorda 
ner%'0  spokrn  of  above  be  ilivided,  stimulation  of  the  tongue  or 
lingual  i»erve  produces  no  flow. 

Evidently  the  flow  of  saliva  is  a  nervous  reflex  action,  the 
lingual  nerve  serving  as  the  channel  for  the  afferent  and  the  small 
chorda  nerve  for  the  efferent  impulses.  If  the  trunk  of  the  lin- 
gual be  divided  above  the  point  where  the  chorda  leaves  it,  as 
at  71.  r.,  Fig.  IH,  stimulation  of  the  t<»ngue  produces,  under  ordi- 
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nary  circumstAnces,  no  flow.     Thi«  shows  that  the  centre  of  the 
reflex  action  in  higher  up  than  the  point  of  section ;  it  lies,  in 

fact,  in  the  brain. 

In  the  angle  between  the  lin^tml  and  the  ohorda,  where  the  lattor 
leaves  the  former  to  puss  to  the  gUod,  lies  the  small  submaxillary  gan- 


IHauBAJKHATK      U»:|'llKDRf<TAri-i3l    •''I'    TlIK    S|!1IMAXIl.t.4ltV     fiUKP    nf    rilli:     IhMl    Wim    ITB. 

Xkuvh  xxn  Uuk'iii  »Mi.u,  (Till*  I*  iioi  fii1cii(lt»l  u>  IMtiKtmif  tlio  vxiM't  BimtdiuiiAl  ri>U(Joiu 
uf  Ibo  wvomi  etrut'lun-*,) 

an*,  i^l.  Tbe  flubuuucilliiry  fUntul,  Utti-  thu  dttit  (mi,  iL)  u(  vhlch  «  cumU  hue  tto«n  ti«d. 
Tltu  tutiUai^uiLl  ffduiil  ami  dtirt  anr  ind  •liuwii. 

H  it  m.  f.  The  IliiKiuU  dniiirh  ucrvx.  cA. «.«  ek.  t.  TbA  cItunU  l3riu|iMit,  trrtfCMMUuf  Tnimi 
Ibu  ftoltl  DerTe,  t)cci>ii)tnx  coc^dIdimI  wiiti  ihi>  lUiipMl  nr  u.  r.  uml  iifY4)rwttnlfi  dlvorglng  umI 
piMiUg  tu  (he  t^laud  ftloiic  tlii'  <lurl. 

int.  at-  Tbti  niliauLkillai7  putiflttMt  wILU  ll«  •PT«ml  rocifo.  n.  L  Tli»  Hii|iitiil  iiroetjadlnf  to 
tha  tuaiuo.  ■ 

n.  rar.  TItA  mroti^l  krti'ry,  tvru  timiM'hivuf  whli-li,  •>.  im  h.  »uil  r.  mn.p.,  \aum  to  thu  lUiltiHiir 
uid  |M>rt«ni<r  inrt;-ur  Dut  ^Uiul.  a.  «ai.  tbu  KntHrttir  «ii<)  ixfit^hor  vrin*  fn>in  tl)f>  gUixl,  ^U* 
iDglnlM  w.j  ilitijufpilurviin. 

r.  i^M.  Tliu  ciiiOofniNt  rikicnit  Nuil  n; miMt]i(tt)i-  trunlw. 

gt  t>r.  4.  Thf  Mi|>(tr('<>riri(:ftl  puif^lion,  (wo  ^m^^ha  tif  which  fonuins  *  pflexiw  (it.  /.)  ov«r 
Ihv  UtM  nTXory,  ofe  •lUtrllnKvd  |m,  4|rm.  vm.)  kIuhk  (he  two  xhtrutnUr  ortsrlea  to  lb«  Ui|«rii;r 
Mid  jMMtpriur  iHtillDiu  »f  UiM  gluiid. 

Tlik)  AirjWit  tii'lliAtc  the  dh'T-iiltiij  UKt^u  liy  (liu  norvouii  jui|m(««  durtoc  roflex  sUiQuUitJou 
uf  llie  Klun<l.     They  lucvnd  tu  llio  ttraiii  by  tho  liii^m)  Mid  dt)»ri>nd  l*y  (he  chunU  lytQiajil. 

plion  (reprfiiented  dmsrauimtiticBUy  In  Fir.  114,  i*m.  *7^),  from  which 
DrHnt:h<?s  pn^  to  tho  Hn^uiil  on  the  one  hnnd  iind  to  iho  churda  un  the 
other;  biniiuhM  may  al«o  be  traced  towitrd8  the  duclR  and  glands  and 
towards  the  tongue.     It  bus  been  much  dcbatod  whether  this  ganglion 
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can  net  its  a  centre  of  reilex  action,  but  no  conclusive  evidence  that  it 
does  so  set  had  aa  yet  been  shown. 

Sliinulalion  of  the  gloeaopharyngea!  ia  even  m(»re  effectual 
than  that  of  the  lingual.  Probahty  this,  inHced,  is  ihc  chief 
atlereDt  nerve  in  ordinary  Becretion.  Stiniulatiun  of  the  inucoua 
mi'nibriine  of  the  slomuch  (as  by  food  introduced  through  a 
gHStric  fistula),  or  of  the  vagus,  also,  produces  a  ilowof  saliva,  as 
indeed  may  stimulation  of  the  sciatic,  and  probably  of  mauy  other 
aflerent  nerves.  All  these  cases  are  inetanceB  of  reflex  artion,  the 
cerebro-spinal  system  acting  as  a  ceutre.  We  may  further  define 
the  centre  as  a  part  of  the  medulla  oblongata,  appurcntly  not  far 
removed  from  the  vaso-motor  centre.  When  thu  brain  is  removed 
down  to  the  medulla  obhmgatn,  that  organ  being  left  intact,  a 
flow  of  saliva  may  still  be  obtained  by  adequate  stimulation  of 
various  afferent  nerves;  when  the  medulla  la  destroyed,  do  such 
action  is  possible.  And  a  flow  of  saliva  may  be  produced  by 
direct  stimulation  of  the  medulla  itself.  When  a  flow  of  saliva 
is  excited  by  ideas,  or  by  emotions,  the  nervous  processes  begin 
in  the  higher  parts  of  the  brain,  and  descend  thence  to  the  me- 
dulla before  they  give  rise  to  distinctly  efferent  impulses;  and  it 
would  appear  that  these  higher  parts  of  the  brain  are  called  into 
action  when  a  flow  of  saliva  is  excited  by  distinct  sensations  of 
taste. 

Considering  then  Llie  flow  of  saliva  as  a  reflex  act  the  centre 
of  which  lies  in  the  medulla  oblongata,  we  may  inmgine  the 
efferent  impulses  {)as8iDg  from  that  centre  to  the  gland,  either  bj 
the  chorda  tympani  or  by  the  sympathetic  nerve.  Although  it 
would  perhaps  be  rash  to  say  that  in  this  relation  the  sympatlietic 
nerve  never  acts  as  an  eflereul  cduinnt-l,  as  n  mutter  of  fact  we 
have  no  satisfactory  experimental  evidence  that  it  dues  so ;  and 
we  may  therefore  state  that,  praclieally,  the  chorda  tympani  is 
the  sole  efferent  nerve.  Soctittn  ni  that  nerve,  either  where  the 
fibres  pass  from  the  lingual  nerve  and  the  submaxillary  ganglion 
to  the  gland,  or  where  it  runs  in  the  .«ame  eluath  as  the  lingual 
or  in  any  part  of  its  course  from  the  main  facial  trunk  to  the 
lingual,  j)Ut3  an  end,  as  far  as  we  know,  to  the  jjottfibility  of  any 
flow  being  excited  by  stimuli  applied  to  the  stnsory  nerves  or 
sentient  surfaces  of  the  mouth,  or  of  other  parts  of  the  bmiy. 

The  natural  reflex  act  of  secretion  may  be  inhibited,  like  the 
reflex  action  of  the  vaso-motor  nerves,  at  its  centre.  Thus  when, 
as  in  the  old  rice  ordeal,  fear  parches  the  mouth,  it  is  probable 
that  the  aflerent  impulses  caused  by  the  presence  of  fwMi  in  the 
mouth  cease,  througn  emotional  inhibition  of  their  reflex  centre, 
to  give  rise  lo  efferent  impulses. 

In  life,  then,  the  flow  of  saliva  is  brought  about  by  the  advent 
to  the   gland   along  the  chorda  tympani  of  eflereut  impulseSp 
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8tart«(l  chiefly  by  reflex  actions.  The  inquiry  thus  narrows  iUelf 
tt>  the  question  :  In  what  manner  do  these  eiferent  impulses 
cause  the  lucreabc*  of  flow  ? 

If  in  a  dog  a  tube  he  introduced  into  Wharton's  duct,  and  tlie 
chorda  be  divided,  the  flow,  i!"  any  be  going  on,  is  from  the  lack 
of  efferent  impulses  arre8te<].  On  passing  an  interrupted  current 
thmugh  the  peripheral  portion  of  the  chorda,  a  copious  secre- 
tion at  once  takes  phice,  and  the  saliva  begins  to  rise  rapidly  in 
the  tube;  a  very  short  liuie  after  the  application  of  the  current 
the  flow  reaches  a  maxiniuni  which  is  riiuintaiued  for  some  lime, 
and  then,  if  the  current  be  long  continued,  gradually  lesseus.  If 
the  current  be  applied  for  a  short  time  only,  the  secretion  may 
last  for  some  lime  atVer  the  current  has  been  shut  ofl^.  The  saliva 
thus  ubtained  is  but  slightly  viscid,  and  contains  few  salivary 
corpuscles  or  protoplasmic  lumps.  If  the  gland  itself  be  watched, 
while  its  activity  is  thus  aroused,  it  will  be  seen  that  its  arteries 
are  dilated,  and  its  CHpitlaries  tilled,  and  that  the  hliMxl  flows 
rapidly  through  the  veins  in  a  full  stream  and  uf  bright  arterial 
hue,  frequently  with  pulaaling  movemeutH.  If  a  vein  of  the 
gland  be  opened,  this  large  increase  of  flow,  and  the  leesening  of 
the  ordinary  deoxygenation  of  the  blood  consequent  upon  the 
rapid  stream,  will  be  still  more  evident.  It  is  clear  that  excita- 
tion of  the  chorda  largely  dilates  the  arteries;  the  nerve  acts 
energetically  as  a  dilator  nerve,  probably  from  acting  on  somo 
local  vaso-niotor  centre  in  the  gland- 

Thus  stimulation  of  the  chorda  brings  about  two  evcntn:  a 
dilation  of  the  bloodvessels  of  the  gland,  and  a  flow  of  saliva. 
The  question  at  once  arises.  Is  the  latter  simply  the  result  of  the 
former  or  is  the  flow  caused  by  some  direct  action  on  the  secret- 
ing ceils,  apart  from  the  increased  blood-aupply  ?  In  support  of 
the  former  view  we  might  argue  that  the  activity  of  the  epithelial 
secreting  cell,  like  that  of  any  other  form  of  protoplasm,  is 
dependent  on  blood-supply.  When  the  small  arteries  of  the 
gland  dilate,  while  the  pressure  in  the  arteries  on  the  side  towards 
the  heart  is  as  we  have  seen  in  the  last  chapter  correspondingly 
diminished,  the  pressure  on  the  far  side  in  the  CHpilfaries  and 
veins  is  increased  ;  hence  the  capillaries  become  fuller,  and  more 
blmid  passes  through  them  in  a  given  time.  From  this  we  might 
iufer  that  a  larger  amount  of  nutritive  material  would  pass  away 
from  the  capillaries  into  the  surrounding  lymph-spaces,  and  so 
into  the  epithelium  cells,  the  result  of  which  nuist  be  to  quicken 
the  procesaet*  going  on  in  the  cells,  and  to  stir  these  up  to  greater 
activity.  But  even  adnutting  all  this  it  does  not  necessarily 
follow  that  the  activity  thus  excited  should  take  on  the  form  of 
secretion.  It  is  quite  possible  to  conceive  that  the  increased 
biood-ttupply  should  lead  only  to  the  accumulation  in  the  cell  of 


• 


320      TISSUES  AXD  HECHANISX3  OF    DIGBSTI039. 

the  constituents  of  the  B&liTa,  or  of  the  raw  materials  for  their 
construction,  anH  not  to  a  discharge  of  the  secretion.  A  man 
works  bettor  for  being  feil.  but  feeding  fii*e8  not  make  him  work 
in  the  absence  of  any  etiinulus.  The  increased  bliKitJ-supply 
therefore,  while  tiivorable  to  active  secretion,  need  not  necessarily 
bring  it  about.  Moreover,  the  following  facts  are  distinctly 
opposed  to  such  a  view.  When  a  cauula  is  tied  into  the  daci 
and  the  chorda  is  ejiergeiically  stimulated,  the  pre^ure  acquired 
by  the  saliva  accumulated  iu  the  canula  and  in  the  duct  may 
exceed  for  the  time  being  the  arterial  blood-pressure,  even  that 
of  the  carotid  artery ;  that  is  to  say,  the  pressure  of  fluid  In 
the  gland  outside  the  bloodveesels  b  greater  than  that  of  the 
blood  inside  the  blootive^sels.  This  must,  whatever  be  the  exact 
mode  of  transit  uf  nutritive  material  through  the  vascular  walla, 
tend  to  check  that  transit.  Again,  if  the  head  of  an  animal  be 
rapidly  cut  off,  and  the  chorda  immeiliately  stimulated,  a  flow  of 
saiiva  takes  place  far  too  copious  to  be  accounted  for  by  the 
emptying  of  the  salivary  channels  through  any  supposed  con- 
traction of  their  walls.  In  this  case  secretion  is  excited  in  the 
absence  of  blood-supply.  Lnstlv,  if  a  small  quantity  of  atropin 
be  injected  into  the  veins,  slimulatiou  of  the  chorda  produces  no 
secretion  of  saliva  at  all,  though  the  dilation  of  the  oloodveasels 
takes  place  as  usual.  These  fact3  prove  that  the  secretory  activity 
is  not  simply  the  result  of  vascular  changes,  but  may  be  called 
forth  inde{>eudently ;  they  further  lead  us  to  suppose  that  the 
chorda  contuius  two  sets  of  Hbres,  one  secreting  fibres,  acting 
directly  on  the  epithelium  cells  only,  and  the  other  vaso-motor 
or  diluting  fibres,  acting  on  the  bltxKlveesels  only,  and  further 
that  atr<»piD,  while  it  has  no  effect  on  the  latter,  paralyzes  the 
former  just  as  it  paralyzes  the  inhibitory  fibres  of  the  vagus. 
Ilonoe  when  the  chorda  is  stimulated,  there  pass  down  the  nerve, 
in  adtlition  t^i  impulses  atk-ctiiig  tho  blood-supply,  impulses  aflectr 
ing  directly  the  protoplusm  oi  thu  i^'creting  cells,  and  calling  it 
into  action,  just  as  similar  impulses  call  into  action  the  contrac- 
tility of  the  protoplasm  of  a  muscular  fibre.  Indeed  the  twm 
things,  secreting  activity  and  contracting  activity,  are  quite 
parallel.  We  know  that  when  a  muscle  contracts,  its  blood- 
vessels dilate;  and  just  an  by  atropin  the  secreting  action  of  the 
gland  may  be  isolated  from  the  vascular  dilation,  so  by  urari 
muHcular  contraction  may  be  removed,  and  leave  dilation  of  the 
bloodvcHsels  as  the  onlyeflict  of  stimulating  the  muscular  nerve. 
In  both  casta  the  (jrcuter  tlow  of  bloo«l  may  be  an  adjuvant  to, 
but  is  not  the  exciting  cause  of,  thr  activity  of  tin*  protnpIu.«ni, 

t5in*.*e  the  chorda  acts  thus  directly  on  the  secreting  cells,  we 
should  expect  to  fiud  an  anatomical  connection  between  the  cells 
and  the  nerve  ;  and  some  authors  have  maintained  that  the  nerve- 
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fibres  may  be  traced  into  the  cells.  But,  save  perhaps  in  the  case 
of  certain  glaads  of  invertebrates  (so-called  salivary  glands  of 
Blatta)^  the  evidence  ia  aa  yet  not  convincing. 

When  the  cervical  sympathetic  is  stimulated,  the  vascular 
etfecU  are  the  exact  contrary  i»f  those  Been  when  the  chorda 
is  stimulat^tl.  The  nmall  arteries  arc  constricted,  and  a  small 
quantity  of  dark  venouB  blood  escapes  by  the  vein.  Sonietinies, 
indeed,  the  flow  through  the  gland  is  almost  arrested.  The  sym- 
pathetic therefore  acts  as  a  coustriclor  nerve,  auil  in  this  sense  is 
UDtagoniHtic  to  the  chorda.  We  have  already  retVrrod  to  the 
probable  existence  of  a  local  vaso-nrntor  centre  situated  in  the 
gland  itself,  in  which  indeed  there  are  found  pmglionic  ceils  in 
abundance.  The  fact  that  section  <if  the  cervical  sympathetic 
does  not  cause  complete  dilation  of  the  vessels  of  the  glaud — the 
dilating  effects  of  stimulation  of  Ihc  chorda  being  fully  evident 
after  previous  section  nf  the  sympathetic — affords  additional 
support  to  this  view.  We  may  accordingly  suppose  ihnt,  while 
the  chorda  tympaui  inhibits,  the  sympathetic  exalts,  the  action 
of  this  local  centre. 

As  concerns  the  flow  of  saliva  brought  about  by  siimulalittn 
of  the  sympathetic,  in  the  case  of  the  submaxillary  gland  (jf  the 
dog  the  effects  are  very  peculiar.  A  slight  inrrea.se  of  flow  ia 
seen,  but  this  soon  passes  off,  and  so  much  saliva  as  is  secreted 
is  remarkably  viscid,  of  higher  specific  gravity,  and  richer  in 
corpu.scles  and  protoplasmic  lumps,  and  is  saiil  to  be  more  active 
on  starch  than  the  chorda  saliva.  This  acliou  of  the  sympathelic 
is  said  not  to  be  affected  by  atropia. 

In  the  submaxillary  gland  of  the  dog  then  the  contrast  between 
the  effects  of  chorda  stimulation  an<l  those  of  sympathetic  stimu- 
lation are  very  marked  :  the  former  gives  rise  to  vascular  dilation 
with  a  copious  flow  of  lim[)id  nnlivn,  the  later  to  va.scular  con- 
strictiou  with  a  scanty  How  of  viscid  saliva.  And  in  other  animals 
a  similar  contrast  prevails,  though  with  minor  difft^renoes.  Thus 
in  the  rabbit  both  chorda  saliva  and  sympathetic  saliva  are 
limpid  and  free  from  mucus,  and  in  the  cat,  chorda  saliva  is  m()re 
viscid  than  sympathetic  saliva  ;  but  in  both  these  cases,  as  in  the 
dog,  stimulation  of  the  chorda  causes  a  copitms  flow  with  dilated 
bloodvessels,  and  stimulation  of  the  sympathetic  a  scanty  flow 
with  vascular  constriction.  We  eliall  return  again  presently  to 
these  different  actions  of  the  two  nerves;  meanwhile  we  have 
seen  enough  of  the  history  of  the  submaxillary  gland  to  learn 
that  secretion  in  this  ini^tance  is  a  reflex  action,  the  efferent 
impulses  of  which  directly  affect  the  secreting  cells,  and  that 
the  vascular  phenomena  may  assist,  but  are  not  the  direct  cause 
of  the  flow.     We  have  dwelt  hing  on  this  gland  hecause  it  has 
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bevu  tuure  fruiiiully  etudied  than  any  other.  But  the  nervous 
rnechanUms  of  the  other  secretions  are  in  the  main  features  etmitar. 
Thus  the  seoretioo  uf  the  parotid  gland,  like  that  of  the  &ub- 
inuxiltary,  is  gorerneti  by  two  seta  uf  fibres:  one  of  cerebro- 
gpiaal  origin,  running  along  the  aurirulo-tempural  branch  of  the 
tifih  nerve  but  originiitinj;  either  in  the  gU»ss<>-pharynpeaI  or  the 
facial. and  iheolherofsympatheticorigin  cuming  from  the  cervical 
sympathetic.  iStimulation  of  the  cercbni-spinal  fibres  produces 
a  copiouB  flow  of  limpid  saliva,  free  from  mucus,  the  secretion 
reaching  in  the  dog  a  pressure  of  1  IS  mm.  mercury  ;  stimulation 
of  the  cervical  sympathetic  givea  rise  in  the  rabbit  In  a  secretion 
free  from  mucus  but  rich  in  orgauic  matter  and  of  greater  amylo- 
lytic  (Kjwer  than  the  corebrf^-spinal  secretion,  but  in  the  dog 
little  or  no  secretion  is  produced,  though  we  shall  see  later  on, 
certain  changes  are  brought  about  in  the  gland  itself.  In  both 
animals  the  cerebro-spinal  fibres  are  vaso-dilator  and  the  syro- 
pathetic  fibres  vaso-constrictor  in  action.  Stimulation  of  the 
central  end  of  the  glf>38o-pharyijgeal  produces  by  reflex  action  a 
secretion  of  the  parotid,  but  that  of  the  lingual  is  said  to  be 
without  effect. 

Gastric  Jaice. — Though  a  certain  amount  of  gastric  juice  may 
sometimes  be  found  in  the  stomachs  of  fasting  animals,  it  may  be 
stated  generally  that  the  stomach,  like  the  sali van*-  glands,  reraaim 
inactive,  yielding  no  secretion,  bo  long  as  it  is  not  stimulated  by 
food  or  otherwise.    The  advent  of  food  into  the  stomach,  however, 
at  onije  causes  a  copious  flow  of  gastric  juice  ;  and  the  quantity 
secreted  in  the  twenty-four  hours  is  probuhlv  very  considerable, 
but  we  have  no  trustworthy  data  for  calculating  the  exact  amount. 
So  also  when  the  gastric  mucous  membrane  is  stimulated  mechan- 
ically, as  with  a  feather,  secretion  is  excited  ;  but  to  a  very  small 
amount  even  when  the  whole  interior  surface  of  the  stomach  is 
thus  repeatedly  stimulated.     The  most  efticient  stimulus  is  the 
natural  stimulus,  viz.,  food  ;  though  dilute  alkalies  seem  to  have 
unusually  powerful  stimulating  elfectj*;  thus  the  swallowing  of 
saliva  at  once  provokes  a  flow  of  gastric  juice.     During  fasting 
the  gastric  membrane  is  nf  a  pale  gray  color,  somewhat  dry, 
covered  with  a  thin  layer  of  mucus,  and  throvru  into  folds ;  during 
digestion  it  becomes  red.  flushcnl  »n*l  tumid,  the  fulds  disappear, 
and  minute  dnijjs  offluid  appearing  at  the  mouths  of  the  glands, 
speeilily  run  together  into  small  streams.     When  the  secretion 
is  veij  active,  !Jie  blxM  (lows  froi«  the  capiUurK-s  inUt  ihe  veina 
in  a  rapid  stream  without  l<*i"K    *^»  bni-ht  unerial  hue.    The 
secretion  of  gastric  juioo  m  »n  ^^^^  o-o-compamtid  hy  vascular  dilation 
in  the  same  way  m  la  ih£f  »ecretmon  ot  sahva,  but  the  vascular 
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mechanuro  has  not  yet  been  fully  worked  out,  though  there  is 
evidence  of  the  vagi  nerves  being  concerned  in  the  nmlter. 

8eeing  that,  unlike  the  case  of  ihe  »!alivury  ticcretiun^  AhmI  i^ 
brought  into  the  immediate  neighborhood  of  the  secreting  cells, 
it  is  exceedingly  probable  that  a  great  deal  of  the  serretinu  is  the 
result  of  the  working  of  a  local  nicchunisni ;  atid  when  a  nic- 
cbaoical  stimulus  is  applie<l  to  one  spot  of  the  gastric  menibraue 
the  secretiou  is  limitu<l  to  the  neighborhood  of  thai  spot,  nud  is 
not  excited  in  distant  parts.  This  local  niechnuisiu  may  be  ner- 
vous in  nature,  or  the  etfect  of  the  Btiniulus  may,  jterhaps^  be 
conveye<l  directly  from  ce]\  U\  cell,  i'rum  the  mouth  of  the  gland 
to  its  extreme  base  without  the  intervention  of  any  nervous  ele- 
ments; hut  the  vascular  ehangcH  at  least  would  seem  to  imply 
the  presence  of  a  nervous  mechanism. 

The  importance  of  thiEi  local  mechanism  and  the  subordinate 
value  of  any  connection  between  the  gastric  membrane  and  the 
central  nervous  system  are  further  shown  by  the  fact  that  a  secre- 
tion of  (juite  normal  gastric  juice  will  go  on  when  both  vagi,  or 
when  the  syrapathf  tic  nerves  going  to  the  stomach  are  divided, 
or,  indeed,  when  nil  the  nervous  connections  of  the  stomach  are 
severed.  And  all  attempts  to  provoke  or  modify  gastric  secre- 
tion by  the  stimulation  of  the  nerves  going  to  it,  have  hitherto 
failed.  On  the  other  hand,  in  cases  of  gastric  fistula,  where  by 
complete  occlusion  of  the  oesophagus  stimulation  by  the  descent 
of  saliva  has  been  avoided,  the  mere  sight  or  smell  of  food  has 
been  seen  to  provoke  a  lively  secretion  of  gastric  juice.  This 
must  have  l)een  due  to  some  nervous  action ;  and  the  same  may 
be  said  of  the  cases  where  emotions  of  grief  or  anger  suddenly 
arrest  the  secretion  or  prevent  the  secretion  which  would  other- 
wise have  taken  place  as  the  result  of  the  presence  of  food  in  the 
stomach,     t^o  that  much  has  yet  to  be  learut  in  this  matter. 

The  contract  presented  between  the  scanty  secretion  resulting 
from  mechanical  stimulation  and  the  copious  How  which  actual 
food  induces,  is  interesting  because  it  seems  to  show  that  the 
secretory  activity  of  the  cells  is  heighteued  by  the  absorption  of 
certain  products  derived  from  the  portions  of  food  lirst  digested. 
This  is  well  illustrated  by  the  following  ext>erinient  of  Tieiden- 
haiD.  This  observer,  adopting  the  method  employed  for  the 
intestine  (see  p.  1^15),  succeeded  in  isolating  a  portion  of  the 
fundus  from  the  rest  of  the  stomach  ;  that  is  to  say.  he  cut  out  a 
portion  of  the  fundus,  sewed  together  the  cut  edges  of  tlie  main 
stomach,  so  as  to  form  a  smaller  but  otherwise  complete  organ, 
while  by  sutures  he  converted  the  excised  piece  of  fundus  into  a 
small  independent  stomach  opening  on  to  the  exterior  by  a  fistu- 
lous orifice.  When  food  was  introduced  into  the  main  stomach 
secretion  also  took  place  in  the  isolated  fundus.     This  at  first 
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sight  might  seem  the  result  (>f  a  nervous  reflex  act;  but  it  waa 
observed  that  the  HvcondHry  secrelitni  in  the  luudiis  was  depen- 
dent on  iictual  (ligfstioti  tnking  place  iu  ihe  muiu  stuniach.  If 
the  material  iutrodiiced  into  the  main  stomach  were  indigeMible 
or  digested  wiilidirticulty,  so  thut  little  or  no  products  ol'digealion 
were  formed  and  absorbed  into  the  blood — such,  cx.gr.,  as  pieces  of 
ligameutuni  uuchie — very  little  secretion  took  place  in  the  isolated 
fundus.  We  qut*te  this  now  as  l)earlng  on  the  question  of  a  pos- 
sible uervo\)a  nieclianisjii  of  gastric  secretion,  but  we  shall  have 
to  return  to  it  under  atmther  as|>ect. 

Bile. — When  the  aciil  contents  of  the  stomach  are  poured  over 
the  orifice  of  the  biliary  duct,  a  gush  of  bile  takes  jtlace.  In- 
deed, stimulation  of  ibis  region  of  the  duodcuutii  with  a  dilute 
acid  at  once  calls  forth  a  flow,  whereas  alkaline  fluids  so  applied 
have  little  or  no  etfect.  This,  probably,  is  a  reflex  action  lead- 
ing tt>  the  conlractiou  of  the  muscular  walls  of  the  gall-bladder 
and  ducts,  accompanied  by  a  relaxation  of  the  sphincter  of  the 
oriflcc ;  it  refers,  therefore,  to  the  discharge  rather  than  to  the 
secretion  of  biK*. 

When  the  secretion  of  the  bile  is  studied  by  means  of  a  biliary 
fistula  (which,  however,  probably  imitices  errors  by  the  total 
withdrawal  from  the  body  of  the  bile  which  should  naturally 
flow  into  the  intestine),  it  is  seen  to  rise  rapidly  after  meaJs, 
reaching  its  niaximum  iu  from  four  to  teu  hours.  There  seems 
to  be  an  immediate,  sudden  rise  when  food  is  taken,  then  a  fall, 
followed  subsi^quently  by  a  more  gradual  rise  up  to  the  maxi- 
mum, aiul  outling  in  a  final  fall  to  the  lowest  point;  but  it  must 
be  remembered  that  the  lowest  ftoinl  is  not  zero,  since  the  secre- 
tion of  the  bile,  unlike  that  of  the  saliva  aud  gastric  juice,  is 
continuous,  aud  even  in  a  fasting  animal  does  not  cease.  It  may 
be  that  these  variations  are  due  to  the  action  of  the  nervuua  sys- 
tem, but  ex|>eriments  have  hitherto)  failed  to  demonstrate  clearly 
the  existence  of  any  distinct  nervous  mechanism. 

The  pressure  under  which  the  bile  is  secreted  is,  in  general,  very 
low.  When  a  water  manometer  is  connected  with  thegall-bladder 
of  a  guinea-pig,  the  dncivx  cfioiedochu  being  ligatured,  the  fluid 
may  rise  in  the  manometer  to  about  20i}  mm.  (equivalent  to  about 
16  mm.  mercury),  but  not  much  beyond.  This  is,  of  course,  much 
lei>A  than  the  arterial  pressure  in  the  same  animal ;  but  it  must 
n(»t  be  forgotten  that  the  liver  receives  it*  chief  blood-supply  from 
a  venous  source,  viz.,  from  the  portal  vein ;  and  it  would  appear 
from  experiments  on  dogs  that  the  pressure  at  which  the  bile  is 
Bocreted  exceeds  that  of  Ihe  blood  in  the  mesenteric  veins  going 
to  form  the  p<jrtal  vein.  Hence,  the  limit  of  pressure,  though  so 
difl'ereut  from  that  of  the  salivary  glands,  resembles  it  in  this 
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^m        The  quantity  of  bile  secreted  in  man  in  the  twenty-four  hours          ■ 

^V    has  been  estimated  to  be  exceedingly  great,  but  the  calculatious          ^M 
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^1    after  fowl  has  been  taken,  follows  the  curve  given  iu  Fig.  115.         H 

^                                                      Fio.                                                                   H 

^H 

4P 

^1 
^1 

J 

I 

^ 

\\ 

a2 

ao 

za 

2il 

24 

22 
ZSi 

■ 

\.h 

A 

1.6 

1                                                                          j\ 

14 

/     \ 

L2 

^^-                                   /        '^        / 

1.0 

V  /         ■---            /      vy 

0-8 

v            ^-.       / 

18 

■•^   / 

04 

\/ 

12 

I                              '^ 

a 

7.1 

U21314[5 16  [7|e|9ll0!n|l2'l31l4llSII6|l|2|3|4|5l6|?18 19110 

^H     Dim 

^B      uf  M 

^B    Inwc 
^^M    «rou 

B  Tb 
^  tak 
^^  act 

UtAM    TLL^IVrKATIMlJ   TItr    iKrUKXlK    UT   Fl^ll*  OK    Til*.  HKI-limnM   Ut  PANrKRATir  Jv 

fN.  0.  Bflrnirtrin.) 
t'  alwcimr  r«>i>rMvnl  litnm>  Bflnr  bklnx  Toocl  ;  tbe  nnlinAlvs  rrprtM'til  In  r-c-  ttxtani 
trmtJou  in   I(»  tninutr*.     A  iii»rkt^  rW  !•  •*«  al   B  iB>nic*Ili»l*'ly  ttfter  fwid  wn*  1*. 
It  tomdao  riM>  U-rw«u  ilit*  Hb  arnl  Mli  lioun  «ncnranl*.    Vi\xtw  iJic  lino  i«  ilc 
)U«imli<ini>  were  lalomipteH.     On  fot«l  \w\n^  ojEitiii  (dven  At  l",  «iio(lifr  riw  b<  unen, 
d  iQ  tnm  by  «  ilfpn<tBbin  nn<]  a  itfvnndAry  rlw  nt  thi>  4t)i  tiKiir.     A  Trrj-  rimilarr 
d  n>prc«fnt  Ihu  •wrvfl'iti  "f  bile. 
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ion.     Then   follows  a  fall^  after  which  there  is,  as  in  bile 

28 

mtrt            ^H 

iirve             ^H 

>Ufl             ^1 

826      TISSUES    AND    HECHANISHS    OF    DIGESTION. 


secondary  rise,  the  causation  of  which  ma)%  or  maj  not,  be  ner- 
vous in  nature,  lu  tiie  dog  ihore  may  be,  during-  fnsiiup,  a 
complete  cessation  uffitfcrvtiuu.  The  quantity  secn^tid  iu  twenty- 
four  hours  hy  man  has  hei-n  calculated  at  vi(K)  c,c.  Like  the 
salivary  gland?,  the  pancreas  while  secreting  in  flushed,  through 
dilation  of  its  blood ve&fels. 

The  secretion,  if  present,  may  be  increased,  or,  if  absent,  may 
be  called  forth  by  stimulation  of  the  medulla  oblongata,  and 
when  going  on  may  be  arrested  by  stimulation  of  the  central  end 
of  the  vagus  through  a  reflex  act,  the  etl'erent  channels  of  which 
have  not  yet  been  made  out ;  probably  the  arrest  of  the  secretion 
which  is  said  to  be  caused  by  nausea  or  vomiting  is  thus  brought 
about  by  stimulation  of  the  vagus  endings.  These  facts  show 
that  the  secretion  is  under  the  influence  of  the  central  nervous 
system ;  but  we  have  no  such  satisfactory  know]e<Ige  of  the  exact 
working  of  the  nervous  mechanism  as  in  the  case  of  the  aalivary 
glands. 

SnccQS  Entericns. — With  regard  to  the  secretion  furnished  by 
the  intestiuti  itself,  our  information  is  verv  limited.  The  secre- 
tioQ  of  the  isolated  intestine  appears  to  be  not  a  constant  one, 
but  to  nee<I  for  its  prxJuction  some  stimulus  (mechanical  or 
other)  which  probably  acts  in  a  reflex  manner.  Aller  section  of 
the  nerves  going  to  a  piece  of  intestine  isolated  after  Thiry's 
method,  a  copious  flow  of  a  dilute  intestinal  juice  is  said  to  take 
place. 

Thus,  while  the  influence  of  the  nervous  system  is  in  the  case 
of  the  submaxillary  gland  tolerably  clear,  in  the  case  of  the  other 
secretions  we  have  yet  much  to  learn,  and  we  must  rest  rather 
on  analogy  with  the  submaxillary  gland,  than  on  any  known 
facts.  We  cannot,  however,  go  far  wrong  if  we  conclude  that  in 
all  cases  secretion  is  essentially  due  to  a  direct  activity  of  the 
epithelium  cells,  aud  that  variations  in  the  blood-supply  have  a 
seamdary  effect  only. 

We  may  now  pass  on  to  the  second  problem.  What  is  the 
exact  nature  of  the  activity  which  is  thus  called  forth? 

Towards  the  solution  of  this  problem  much  progress  has  been 
made  by  the  study  of  the  microscopical  changes  in  secreting 
glands  during  various  stages  of  activity  and  rest.  And  these 
arc,  ]>erbaps,  in  some  respects  best  shown  in  the  pancreas. 

It  is  possible,  by  s|>ecial  precautions,  to  examine  with  even 
high  powers  of  the  micnwcope  the  pancreas  of  an  animal  such  as 
the  rabbit,  whilu  still  alive  with  the  circulation  intact;  and  thus 
to  watch  the  changes  going  on  both  when  the  animal  has  been 
deprived  of  food  for  some  tim*-,  and  the  glami  is,  therefore,  at 
rest,  and  when  the  animal  has  been  recently  fed,  so  tliat  digestion 
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is  going  OQ,  aod  the  pancreas  in  cntiscquence  is  engaged  in  pour- 
ing its  secretion  into  the  duodenum.  In  the  former  case — i.e., 
when  the  pnucreas  is  at  rest  and  little  or  no  secretion  is  being 
poured  out,  the  following  appearances  may  be  recognized  :  The 
outlines  of  the  individual  cells  forming  an  alveolus  (Fig.  116,^4) 
are  very  indistint^t,  and  each  cell  is  loaded  with  a  number  of 
small,  highly  refractive  graniilea.  These,  however,  are  crowded 
towards  the  inner  side  of  the  cell  abutting  on  the  lumen  of  tlie 
alveolus,  leaving  the  outer  part  of  the  cell  next  to  the  basement 
membrane  clear  and  hyaline.  We  can,  in  fact,  distinguish  in 
each  cell  two  zones — a  smaller  outer  zone,  free  from  granules^ 
and  a  larger  or  broader  inner  Z'tue,  thickly  studded  with  granules. 

PiQ.  ]10. 
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A   TuKnifM   '11   THK   I'ASICItlUr'  «r  TIIK   KAnillT   (KCIIJkK    AXU  HltKRIUAX    Lia). 
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H  iho  liiiinr  cniuiiUr  itt>ii<%  wlilih  In  A  \*  laricvr  mihI  nwn  rlmm]y  miiJiln]  witli  lint  gnuniW. 
than  In  B,  tn  whfr.h  Ui«  (oitmilrw  mr  fnwrr  and  niunrr. 
h  thn  miUir  rnifi^ii*in<li(  l>oii^.  aHiaII  In  .1,  lurgor  In  It,  iiml  tii  tlif  UU^r  mnrlLiwI  wUh  fUnt 

«  tlM>  lumvn,  V017 otivkuvi  In  /I,  Irtit  IihIUiIuiI  lii  J 

rfan  futlootHUitti  At  llii<Jiiiii'fiuii  itf  twurt^llB,  wen  {|i  .1,  l>til  iikI  ut%-iirrin^  la  B. 

At  the  same  lime  it  may  be  remarked  tlmt  the  lumen  of  the  al- 
veolus is  narn»w  and  very  obscure  ;  the  hlootl  supply,  moreover, 
is  scanty,  the  small  art^es  being  constricted  and  the  capillaries 
imperfectly  filled  with  corpuscles. 

If,  however,  the  same  [mncreas  be  examined  while  it  is  in  a 
state  of  activity,  either  from  the  i)resence  of  food  in  the  8ton)ach, 
or  from  the  injection  of  some  stimulating  drug  such  aapilocarpin, 
a  very  different  state  of  things  is  seen.  The  individual  cells 
(Fig.  IIG,  //)  have  become  smaller  and  much  more  distinct  in 
outline  and  the  lumen  of  the  alveolus  is  now  wider  and  more 
conspicuous.  In  each  cell  the  granules  have  liecome  much 
fewer  in  num!)er  and  aa  it  were  have  retreated  to  the  inner 
margin,  so  that  the  inner  granular  zone  is  nmch  narrower  and 
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the  outer  transparent  zone  much  broader  than  before ;  the  latter 
too  is  frequentlv  marke«I  at  Us  inner  part  by  ^lelicate  strias  run- 
ning  int<i  the  inner  zone.  Al  the  sutue  time  the  blooilvessels  are 
largely  liilateil  and  the  stream  of  bloo<]  through  the  capillaries 
18  full  and  rupid. 

These  thinps,  the  disappearance  of  grunuleii  during  activity 
leading  to  a  diminution  of  the  inner  granular  zone  and  a  widea- 
LOg  of  the  outer  truuaiMreut  zone,  and  the  appearauce  of  new 
granules  during  rest  leading  to  a  restoration  of  the  inner  zone 
and  iU  con&e<juent  encroachment  on  the  outer  zone,  may  be 
witnessed  in  the  living  pancreas  of  the  rabbit,  and  the  changes 
from  the  one  condition  to  the  other  successively  ot>served.  And 
•ectiong  of  the  prepared  and  hardened  gland  of  this  or  of  any 
other  animal  tell  nearly  the  same  tale.  Thus  in  the  pancreas  of 
a  dug  which  has  been  far^ting  for  about  thirty  hours,  each  secret- 
ing cell  is  found  to  consist  of  two  zones:  an  inner  zone,  studded 
with  fine  granules,  and  a  smaller  outer  zrme,  which  is  homo- 
geneous or  marked  with  delicate  striae,  the  nucleus  being  placed 
partly  in  the  one  and  partly  in  the  other  zone.  When  however 
the  |mncrea8  uf  an  animal  in  full  digestion  (about  aix  hours  afler 
food)  is  examined,  though  the  whole  cell  is  smaller,  the  outer 
homogeneous  zone  is  found  to  be  relatively  much  wider,  the 
granular  inner  zone  being  narrower,  and  in  some  cases  actually 
disappearing.  If  the  pancreas  be  examined  at  the  end  of  diges- 
tion, when  its  activity  nas  once  more  cease*],  and  it  has  entered 
into  a  state  of  rest,  the  outer  zone  is  again  found  to  be  narrow, 
the  granular  inner  zone  occupying  the  greater  part  of  the  cell, 
which  has  once  more  become  larger.  Carmine  stains  the  outer 
zone  easily,  the  inner  zone  with  difficulty.  Hence  when,  as 
during  activity,  the  outer  zone  is  relatively  large,  the  cell  as  a 
whole  seems  more  deeply  stained  than  when,  as  during  rest,  the 
outer  zone  is  small.  During  activity  the  nucleus  is  large  and 
round;  during  rest  it  oflen  appears  irregular,  owing  to  its  being 
in  such  a  condition  that  it  shrinks  under  the  influence  of  the 
reagents  employed. 

Leaving  aside  for  the  present  the  changes  in  the  nucleus,  and 
the  matter  of  stAining.  we  may  say  that  the  results  of  the  two 
methods  are  identical. 

Before,  however,  we  attempt  lo  explain  what  these  results 
mean,  it  will  be  well  to  pay  attention  for  a  while  to  another  type 
of  secreting  gland,  the  so-called  mucous  glands.  We  hare 
already  seen  that  some  salivary  glands,  such  as  the  submaxillary 
of  the  dog,  secrete  a  thick  viscid  saliva,  the  viscidity  being  due 
to  the  presence  of  the  bofly  mucin  (see  Appendix  *,  the  efsential 
constituent  of  the  so-called  mucus;  while  other  salivary  glands^ 
such  as  the  parotid  of  roost  animals,  secrete  a  thin  limpid  saliva 
free  from  mucin.     Glands  of  the  latter  kind,  from  the  nature  of 
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their  gecretioo,  receive  the  name  of  "eerous"  glaoda.  Glands, 
however,  which  give  rise  to  a  viscid  mucin-holding  secretion, 
always  contain  a  certain  number  of  cells  of  a  dietincl  type. 
These  cells  arc  called  "mucous  eel  Iti,"  and  the  glands  in  which  they 
are  found  are  called  "nnicoud  glands."  .Sonu'times  the  mucoua 
cells  are  abundant  furniin^  a  lar^t^  [uirt  of  many  or  most  of  the 
alveoli ;  sonielimca  they  arc  scant}*.  Each  "  mucous  "  cell  when 
examined  in  a  fresh  ancl  natural  condition  is  loaded  throughout 
with  somewhat  large  granules;  but  when  treated  with  alcohol  or 
other  hardening  reagent  (Fig.  117,  ^1)  appears  to  conaist  of  two 
parts  :  of  a  small  quantity  of  what  we  may  spenk  nf  as  ordinary 
protoplasm,  readily  staining  with  carmine,  etc.,  and  gathered 
round  the  nucleun,  which  is  placed  towards  the  outside  of  the 
cell,  generally  close  to  the  basement  membrane  ;  and  of  another 
different  substance  which  occupies  the  greater  part  of  the  cell. 

Fio.  117. 


■•  ^KV 


Swmux  or 


'}fcn>ra"   Oi.AXi»,~<l_)n  «  •t«tr  >•(  nvU  B  aHvr  It  l)w  bwu  ror  mjmt  ttni* 
nrtivnl)'  wtirotln)!.     f\ft«*r  li4vtK)witiLy.) 
a  (iMulltmc  culU  ;  c  lfuiv>r;tn  Ijrlng  tu  llio  lutvntlTMiUi'  s|iii<fa.     Tlir  tlnrkcr  HhAding  hi 
butli  Atruros  m  liitnudnt  U>  fmlk-mli'  (lit*  nmoutit  of  <italtiiii^. 

This  latter  sul^slance  la  composed  (d'  a  looee  network  of  fine 
fibres,  the  spaces  of  which  are  occupied  by  a  transparent  material 
which  does  not  stain  readily  with  carmine;  and  upon  examina- 
tion is  found  to  consist  largely  of  a  material  which  is  readily 
transformed  into  mucin,  and  which  may  be  spoken  of  as  viucinogen 
or  by  abbreviation  mufigeu.  So  that  the  ordinary  mucous  cell 
of  a  raucous  gland  may  be  said  to  consist  of  a  smaller  portion  of 
ordinary  protoplasmic  substance  and  of  a  larger  portion  of  a 
mucigcnous  substance. 

Such  a  condition  of  things  exists  however  only  in  a  nnicM)U8 
cell  at  rest.  When  the  gland  is  actively  secreting,  or  rather  after 
the  gland   has  for  some  time  been  actively  secreting,  as  for 
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iDstance  after  the  submaxillary  gtand  of  the  dog  has  been  sub- 
jected to  lung  and  powerful  sliiuulation  of  the  chorda,  a  ditiereot 
state  of  thing-?  pre^fiils  ilselt'  when  prepared  secliona  of  the 
hardened  gland  are  examined.  The  alveolue  is  then  fuund  to  be 
made  up  of  smaller  cells  (  Fig.  117,  B)  almost  wholly  formed  of 
protoplasmic  sub»Lance  readily  staining  vilh  carmine.  In  ex- 
treme cases  hardly  a  trace  is  left  of  the  muci^euous  eubatance 
spoken  of  above-  in  cases  of  moderate  activity  cells  may  be 
seen  in  which  Lhe  mucigenous  submlance  has  diminished,  with  an 
increase  of  the  ordinary  protoplasmic  substADce,  but  has  not 
entirely  disappeared. 

How  are  we  to  interpret  these  results?  Obviously  in  this  way  : 
The  mucigenous  basis  is  manufactured  at  the  expense  of  the 
ordinary  prot4>plasm  of  the  cell;  the  latter  by  its  metaboliaru 
produees  the  former  and  deposits  it  in  the  meshes  of  its  own 
framework,  becoining^as  it  were  j>regnant  with  mucigen.  This 
during  the  resting  phase  of  the  glnud  may  go  on  to  such  an 
extent,  that  only  a  small  quantity  of  protoplasm  is  left  to  carry 
the  large  quantity  of  mucigen  to  which  il  has  given  rise;  that 
is  to  say,  the  growth  of  new  protoplasm  does  not  keep  pace  with 
the  manufacture  of  proloplnum  into  nnuigeu.  During  activity 
the  mucigen  is  used  up  to  provide  the  mucus  of  the  saliva,  being 
probably  converted  into  mucin  and  bo  discharged  from  the  cell, 
while  at  (he  same  time  the  protoplasm  takes  a  fresh  start  and 
grows  apace;  and  thus  a  fresh  supply  of  new,  deeply  staining 
protoplasm  takes  the  place  of  the  mucigenous  matrix  which  has 
been  lost.  We  may  remark  incidentally  that  this  rejuvenescence 
of  the  protoj>1asm  is  marked,  as  in  the  corresponding  phase  of 
the  pancreas,  by  the  nucleus  heconung  round  and  conspicuous, 
whereas  when  tlte  mucigen  is  abumlant  it  is  of  such  a  nature  as 
to  become  irregular  in  outline  \%hen  acted  upon  by  hardening 
reagents. 

We  have  reason  to  think  that  in  certain  cases,  where  the 
activity  of  the  cell  is  long-continued  and  vehement,  the  whole 
cell  may  disappear,  and  ila  place  be  taken  by  an  entirely  new 
cell  supplied  by  the  so-called  demilune  cells  lying  on  the  outside 
of  the  alveolus  beneath  the  baBement  membrane.  But  in  ordinary 
cases  the  same  cell  probably,  f*>r  a  while  at  all  events,  continues 
to  form  and  discharge  successive  quantities  of  mucin  without 
actually  itself  disappearing. 

In  any  ease  we  see  that  id  the  mucous  cell  what  lakes  place 
in  secretion  is  ns  follows.  Aa  t  j>e  result  of  a  {>erit)d  of  rest  there 
accumulates  in  the  cell  a  qiia>»tily  of  mucigen,  which  is  a  product 
of  the  metabolism  of  the  protoplasnn  of  the  cell.  During  the 
motive  phase,  that  is  while  the  secretion  ig  being  poured  tbrth, 
i^igea  is  wmvcrted    iot<>   mucin  and  dibchurged  from  the 
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cell.  A  I0B8  coDsequeotly  accrues  to  the  cell,  but  this  is  at 
once  partly  made  up  by  the  protoplasm  being  stirred  to  a  more 
active  growth.  Subsequently  durinj;  ihesuccceiling  rest  the  new 
protoplasm  is  transformed  into  new  mucigen,  the  cell  wholly 
regains  its  former  diineneious  and  features  and  so  the  cycle  ia 
completed. 

What  relation  do  these  changes  iu  the  raucuue  gland  bear  to 
those  of  the  pancreas?  To  answer  this  (piestiou  we  must  bring 
the  reader  back  to  a  statement  previously  made,  that  in  order  to 
obtain  an  actively  proteolytic  aqueous  pancreatic  extract,  the 
animal  should  be  kilted  during  full  digestion.  This  statement 
now  requires  moditicalion. 

If  the  pancreas  of  an  animal,  even  in  full  digestion,  be  treated, 
tohile  still  warm  from  tJie  body,  with  glycerine,  the  glycerine 
extract,  as  judged  of  by  its  action  on  fibrin  in  the  presence  of] 
sodium  carbonate,  is  inert  or  nearly  so  as  regards  proteid  bodies. 
If,  however,  the  same  pancreas  be  kept  for  twenty-four  hours 
before  being  treated  with  glycerine,  the  glycerine  extract  readily 
digests  fibrin  and  other  prnteids  in  the  presence  i»f  an  alkali.  If 
the  pancreas,  while  still  warm,  be  rubbed  tip  in  a  niortur  for  a  few 
minutes  with  dilute  acetic  acid,  and  then  treated  with  glycerine, 
the  glycerine  extract  is  strongly  proteolytic.  If  the  glycerine 
extract  obtained  without  acid  from  tbe  warm  pancreas,  and  there- 
fore inert,  be  diluted  largely  with  water,  and  kept  at  35°  C.  for 
some  time,  it  becomes  active.  If  treated  with  acidulated  instead 
of  distilled  water,  its  activity  is  much  sooner  developed.  If  the 
inert  glycerine  extract  of  warm  pancreas  be  precipitated  with 
alcohol  in  excess,  the  precipitate,  inert  as  a  proteolytic  ferment 
when  fresh,  becomes  active  when  exposed  for  some  time  in  iin 
aqueous  solution,  rapidly  so  when  treated  with  acidulated  water. 
These  facts  show  that  a  pancreas  taken  fresh  from  the  body,  even 
during  full  digestion, row/am^  but  little ready-mnde  femieut,  though 
there  is  present  in  it  a  body  which,  by  some  kind  of  decomposi- 
tion, ptrs  birfh  to  the  fertneiiL  We  may  remark  inci<lentally 
that  though  the  presence  of  an  alkali  is  essential  to  the  proteolytic 
action  of  the  actual  ferment,  the  formation  of  the  ferment  out  of 
its  forerunner  is  favored  by  the  presence  of  a  small  quantity  of 
acid.  To  this  body — this  mother  of  the  ferment  which  has  not 
at  present  been  satisfactorily  isolated — the  name  of  zymogen  has 
been  applied.  But  it  is  better  to  reserve  the  term  /ymogeu  as  a 
generic  name  tor  all  such  bodies  as  not  being  themselves  actual 
ferments,  may  by  internal  changes  give  rise  to  ferments,  for  all 
"mothers  of  ferment"  in  fact;  antl  to  give  to  the  particular 
mother  of  the  pancreatic  proteolytic  ferment,  the  name  <ryp- 
Binogen. 

The  pancreatic  cell  then  contains  trypsinogen;  and  now  comes 


882      TISSUES  AND  XKCHANISMS  Or    DIQBSTION 


; 

I 


I 


1 


the  ioDportant  observation  that  the  amount  of  trrpeinogen  in  a 
pancreas  at  any  ^ivea  time  rises  and  i'lnka  p<iri  pasgu  with  the 
granular  inner  zone — i.  e.,  with  the  amount  of  granular  sabstanoe 
in  the  cell.  The  wider  the  inner  zone  and  the  more  abundant 
the  grauule«  the  larger  the  amount,  the  narrower  the  z«'>oe  and 
the  fewer  the  granules  the  smaller  the  amount^  of  trypAinogen  ; 
and  in  the  cases  of  old-cstabli^^hcd  iistula?,  where  the  secretion  is 
wholly  inert  on  proteids,  the  inner  granular  zone  ia  absent  from 
the  cells. 

We  have  no  corresponding  aaiisfactory  information  concerning 
the  history  of  any  zymogen  which  may  be  siuppoaed  to  belong  to 
the  amylolytic  ferment  of  the  pancreas^  or  to  the  ferment  which 
acts  upon  fata.  Nor,  on  the  other  hand,  are  we  in  a  position  to 
say  that  the  granules  are  wholly  compasc^^  of  trypsinogen  ;  but 
it  seems  clear  that  they  contain  tryjisinogen.  and  that  their 
abundance  or  scarcity  atil^rds  a  measure  of  the  quantity  of  that 
substance  present  in  the  cell. 

Hence,  we  may  draw  a  parallel  between  the  mucous  cell  and 
the  pancreatic  cell.  Just  as  the  protoplasm  of  the  former  by  its 
aictabolirim  manufactures  mucigen,  «o  the  protoplasm  of  the  latter 
by  it;<  metabolism  manufactures  trypsiuogen,  and  just  as  the 
mucigen  gives  rise  to  mucin  which  edcai>es  from  the  cell  to  form 
part  of  the  actual  secretion,  so  aieo  the  trypsinogen  gives  rise  to 
try]}sin,  which  similarly  forme  part  of  the  pancreatic  juice.  Just 
as  witii  the  disappearance  of  the  mucigen  the  pn)topla»m  grows 
with  renewed  vigor,  so  in  the  pancreas  with  the  disappcAranco  of 
the  granules  from  the  inner  zone,  there  is  a  rejuvenescence  of  the 
protAplar^m,  to  be  followed  both  in  the  one  case  and  the  other  by 
a  subsequent  conversion  of  the  pmtoplasm  into  a  product — viz., 
mucigen  and  tryp^^inogen,  respectively.  In  both  cases  the  pro- 
duct of  the  prot(tplasmic  metabolism  is  dep'isited  in  the  inner 
parts  of  the  cell,  though  the  line  of  demarcation  between  the 
inner  an<l  outer  zone  is  much  more  distinct  in  the  pancreas  than 
in  the  mucous  gland.  In  the  former  abundance  of  granules  is 
ideiilical  with  a  broad  inner  zone,  scarcity  of  granules  with  a 
broud  outer  z<me;  and  similarly  the  growth  of  the  new  proto- 
plasm is  moA  obvious  as  au  increase  of  the  outer  zone.  In  the 
mucous  cell,  too,  the  mucigen  appears  on  the  inner  side  of  the 
cell.  This  distinction,  however,  between  an  inner  and  outer  zone 
is  not  an  essential  icature  of  the  matter,  though  probably  the 
growth  of  new  protoplasm  naturally  tends  to  take  place' at  a 
greater  rate  on  the  side  of  the  wlj  most  expo8e<l  to  the  blood- 
stream— I.  c,  on  the  outer  side  towards  the  hftsemenl-membrane, 
and  the  deposition  of  zymogen  or  nmcigen  tends  to  be  greatest 
on  the  other  nide  nearer  to  the  lumen,  into  which  its  products  are 
About  to  be  discharged. 
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of  -whk'h  the  jrluniJs  tif  the  pyloric  ead  of  the  stonmdi  are  built 
up.     Tlic  ovnit]  «jr  hiinler  cells  appcnr  swollen  during  digestion, 


When  we  come  to  Btudy  other  glands,  such  as  the  serous  sali- 
vary glands,  the  glands  of  the  stomach,  and  the  hepatic  cells,  we 
have  evidence  that  in  these  also  the  .same  ei>sential  processes  aroi 
going  on.  Certain  special  features,  however,  are  in  varioui 
instances  met  with,  and,  these  becoming  exaggerated  by  par- 
treular  modes  of  preparation,  are  apt  to  obscure  the  normal  series 
of  events. 

Thus,  in  the  case  of  the  glands  of  the  stomach,  if  we  were  to 
trust  exclusively  to  the  indications  given  by  sections  of  glands 
hardened  in  alcohol,  we  should  be  led  to  malce  the  following 
statement.  In  an  animal  previous  to  taking  a  meal,  the  central 
or  "chief*'  (as  distinguished  from  the  ovoid,  ''border/*  or 
"peptic")  ceils  of  the  gastric  glands  are  pale,  finely  granular, 
and  do  not  stain  readily  with  carmine  and  other  dyes.  During 
the  early  stages  of  gastric  digestion,  the  same  cells  are  fuuiin 
sr»mewhat  swollen,  but  turbid  anvl  more  coarsely  granular;  they 
stain  much  more  readily.  At  a  later  stage  they  become  smaller 
and  shrunken,  but  are  even  more  turbid  and  granular  than  be- 
fore, and  slain  still  more  deeply.  This  is  true,  not  only  of  the 
central  cells  in  the  so-called  [>epiic  glan<ls,  but  alsu  of  the  cells 
of  the  py 
order  cellfi 
and  project  more  on  the  outside  of  the  gland,  but  otherwise  seem 
unchanged.  This  series  of  evcnta  is  different  from  that  which 
we  have  seen  to  take  place  in  the  pancrea,-*,  inat*rjinch  as  the  cells 
appear  to  become  more  granular  instead  of  less  granular  during 
activity.  But  we  have  reason  to  think  that  the  granular  char- 
acter of  the  gastric  cells  thujt  ^een  during  digestion  is  due  to  some 
s()eciat  material  precipitated  by  the  alcohol,  whereby  changes 
really  comparable  to  those  of  the  pancreas  are  obscured.  For 
we  find  that  in  the  newt  the  cells,  when  exanuncd  in  a  living 
condition,  are  granular  throughout  when  at  rest,  Init  during 
activity  develop  a  clear  outer  zone,  the  granules  becumiug  re- 
stricted to  the  inner  zone.  And  in  many  mammals  similar 
changes  may  be  demonstrated  by  llie  use  of  <vamic  acid  (Fig.  118). 
In  some  mammals  no  very  obvious  ditlcrcnce  between  rest  and 
activity  can  be  made  out ;  and  it  is  possible  that  in  these  a  re- 
generation of  granules  takes  plnce  during  activity  as  well  as 
during  rest,  and  that  in  proportion  as  granules  are  being  used 
up,  so  that  the  amount  of  grauuKs  remains  fairly  c<mstant. 

Moreover,  we  have  evidence  of  the  existence  in  the  gastric 
membrane  of  a  zymogen,  a  mother  nf  [>e|)siu,  a  pe|)siuogen; 
though,  owing  to  the  facility  with  which  apparently  the  conver- 
sion of  (>e[»siuogen  into  pepsin  takes  place,  tlie  matter  is  not  saJ 
clear  as  in  the  analogous  case  of  trypsinogon  ;  and  it  would  aii- 
pear  that  the  amount  of  pepsinogen  and  the  abundance  of  visible 
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granules  in  fresh  living  cells  run  parallel  to  each  other  with 
considerable  regularity. 

In  the  ca^  of  the  serous  glands,  also,  the  results  are  somewhat 
different  according  aa  u^e  is  made  of  preparations  hardened  in 
nlcohol,  or  the  gland  is  studied  iu  a  living  state.  Thus,  in  the 
|iarotid  of  the  rabbit,  which  is  a  serous  gland,  even  when  a  mtjst 

Fxo.  118. 


Oaoteip  Oidtn  nr  MMfNAi.  {MotKf  Ih'aiAo  A'tivitt  (Landlst). 

e  tht,  iitodUi  -ir  llie  ftUnd  wUli  lb  i-ylltttlrititl  >xiU, 

n  lh«  bvt-k  i-<iiiUioliiK  c<jii«|i|rii<m*  ttvultl  eollm,  wllh  their  cantm  prutUfiUmUr  netmirli. 
fikwbi'iy  vt  t)n<  tfluntl     Tti'>  pnimilf*  •»>  won  tn  tho  r»i)tr»|  p*l1«  ivi  W  llntliMl  (otlM^ 
lonvr  jiurtltiui  uf  inicIi  o'I). 


copious  secretion  has  been  called  forth  by  stimulation  of  the 
auriculotemporal  nerve,  alcohol  Hpectniens  show  an  almost  com- 
plete abijence  of  structural  changes.  When,  however,  the  cer- 
vical sympathetic  is  stimulated,  either  in  the  rabbit  or  the  dog, 
very  marlced  changes,  quite  aimiJ&r  to  ihoae  witnessed  in  the 
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central  cells  of  the  gsstric  glands,  may  be  seen  in  the  parotid 
hardened  by  alcohol,  even  though,  aa  occurs  in  the  do^,  no  ealiva 
whatever  may  be  secreted.  During  rest,  the  cells  of  ihe  parotid 
as  seen  in  sections  of  the  gland  hardened  in  alcohol  (Fig.  119,  A) 
are  pale,  transparent,  stuining  %vith  difficulty,  am)  the  nuclei 
possess  irregular  outlines  as  if  shrunken  by  the  reiigeuts  em- 
ployed. After  stiniulutiou  of  the  fiyrupattictic,  the  protoplasm  ol 
the  cells  becomes  turbid  (Fig.  119,  B),  and  stains  much  more 
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8IM3RKTION   or    A    "bKHnis"    (il,\KI»— TUV   rAHnTIO  -<r  A   IUBDIT.' 

A  m  r«<t,  B,  after  ■rlmnUltun  of  Oir  ct^i-Tktt)  «ym[«U)etlr.     Aftrr  UmoxnAiiv, 

readily,  white  the  nuclei  are  no  longer  irregular  in  outline,  but 

round  and  large,  with  conspicuous  nucleoli,  ihe  whole  cell  at  the 
same  time,  at  least  after  prolonged  stimulation,  becoming  dis- 
tinctly smaller.  When,  however,  we  study  the  gland  in  a  living 
state,  we  find  that  the  changes  which  take  place  during  activity 

Fio.  120. 


<    <:      '  —  THE    I'ARtrrin    IM-MIKfl  StVKJTIMN  (ItlM'tLCl). 

Thf  Ai;:ure,  wtilcli  U  Mirnvwiikt  diarminnuiti*;,  rv|ircMDt«  llio  UiltTOMHipfc  diUlgat  wlUoh 
miij  t>€>  iilNM^tTMl  la  Oie  lirltig  icIaO'I.  .1  'Jurion  Tv*l.  llu'  i»t«i-tirrt  imlllnM  of  Uie  colU  uc 
Intruilucnl  lu  bIiow  tbi"  rvUilJvr  ilw  t.f  ilu-  o?n»,  tlioy  ri-mlJ  ii-H  !•«■  itwHly  •rpn  In  Uxt  Bprdmcn 
Itself.  B  Kflrr  tnotlcmt*"  pUmulmtion  r;  uftur  iiruloDgttl  Btlniiiltitlou.  TIm  uiicIcI  are  dU- 
gffsmnuUc,  Mid  tDtrcK]u<NKl  In  show  Uicir  nt>|wnnuit;c  nnd  ptMltluli. 

are  quite  comparable  to  those  of  the  pancreas.  During  rest  (Fig. 
120,  .-I  J,  the  cells  are  large,  their  outlines  very  indistinct — in 
fact,  almost  invisible — and  the  protoplasm  of  the  cell  is  studded 
with  granules.     During  activity  (Fig,  120,  B),  the  cells  beoome 


336      TISSUES  AKD  MEOHANISMS   OF  DIGESTION. 


emaller,  their  outlines  more  tlistiiict,  and  the  granules  disappear 
especially  from  the  outer  piirlioiis  of  each  cell.  After  prolonged 
activity,  as  in  Fig.  120,  C,  the  cells  are  still  smaller  with  their 
outlineB  still  luure  dit^liiiet,  und  the  granules  have  disappeared 
ft]mo6t  entirely,  a  few  only  heing  left  at  the  exf  reme  inner  margin 
of  each  cell  abutting  upon  the  conspicuous  almost  gaping  lumen 
of  the  alveolus.  And  upuu  special  examination  it  is  found  that 
the  nuclei  are  large  and  round.  In  fact  we  might  almost  take 
the  parotid  as  thus  studied,  to  be  more  truly  typical  of  secretoiy 
changes  than  even  the  pancreas.  For,  as  we  have  already  stated, 
the  demarcation  of  an  inner  and  outer  zone  is  not  a  neces&aiy 
feature  of  the  vv]\  at  rest!  What  is  essential  is  that  the  jirolo- 
plasm  manufacturer  granules,  which  for  a  white,  that  is  during 
rest  are  dep<j6ited  in  the  ceil,  and  during  activity  these  granules 
are  used  up,  their  di8ap|>earance  heing  earliest  and  most  marked 
at  the  outer  portions  of  each  cell,  and  progressing  inwardH 
towards  the  {lumen,  the  whole  cell  becoming  smaller,  and  aa  it 
were  shrunken. 

It  would  hardly  be  profitable  to  enter  more  fully  into  the  dis- 
cussion of  this  matter,  and  especially  of  the  diU'crences,  to  which 
we  have  just  called  attention,  as  occurring  in  ditlerent  glands; 
enough  has  been  seen  to  justify  us  in  the  conclusion,  which 
further  study  will  be  tbuiid  to  strengthen,  that  the  act  of  secre- 
tion is  not  a  mere  fiUralion  from  the  blood  but  a  complicated 
business,  which  we  may  picture  to  oun*eIveg  somewhat  as  follows. 

The  protoplasm  of  the  secreting  cell  lives  upon  its  "internal 
medium,"  the  lyavph  filling  the  lymph-spaces  by  which  the 
alveolus  is  HurrouiidiMl ;  this  lymph  L)eing  constantlv  renewed 
from  the  blood-slreum.  We  have  no  reason  to  think  that  the 
main  nutritive  cont«tituents  of  the  lymph  in  the  interstices  of  a 
gland  are  ditferent  from  those  in  the  iniersticca  of  a  muscle;  but 
are  leti  to  believe  liiat  the  same  substances  are  built  up  in  the  one 
ca»e  into  muscular  and  in  the  other  into  glandular  protoplasm  bv 
the  specific  activity  of  the  already  existing  protoplasm  which  is 
ditferent  in  the  one  case  and  the  other.  The  cell  substance  which 
bos  thus  built  itself  up  out  of  the  lymph  materials  sooner  or 
later  breaks  down  again :  the  constructive  metabolism  is  inevi- 
tably followed  bv  a  <ieslructive  metabolism.  In  this  downward 
path  are  probably  many  steps,  two  of  whicli  become  conspicuous : 
the  formation  of  some  intermediate  product  or  "  mesostate,"  as 
we  may  chII  it,  such  as  zymogen  or  luucigen,  and  the  couversioD 
of  the  zymogen  into  an  actual  ferment  or  of  the  mucigeo  into 
mucin — that  is,  of  the  mosostate  into  th^  final  product,  which  is 
discharged  as  a  constituent  of  the  secretion. 

In  what  we  may  ccmsider  the  common  or  lypicjil  case  where 
periods  of  rest  alternate  with  periods  of  secretory  activity,  the 
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downward  metabuIUm  stops  short  at  tbe  fortuation  of  zvmogeu, 
which  becomes  deposlte<l,  commonly  in  the  form  of  granules  in 
the  meshes  of  the  protoplasm,  the  amstructive  metabolism  or 
growth  of  the  latter  iauguibhiug  as  the  storage  increases.  Then 
generatlv  us  the  result  of  atimulation,  changes  take  place  In  the 
cell  by  which  the  zymogen  is  converted  into  actual  ferment,  and 
this  ejected  fnmi  the  cell.  This  is  the  process  which  we  some- 
times speak  (if  us  the  act  of  secretion,  and  it  obviously  has  many 
analogies  with  a  muscular  contraction.  Coincident  with  the  dis- 
turbances which  thus  give  rise  to  the  ejection  of  ferment,  tl»e 
constructive  metabolism  of  the  cell  is  excited  to  greater  activity, 
and  for  awhile  there  is  an  accumulation  of  new  protoplasm  in 
great  excess  of  zymogen.  ScxjDj  however,  but  slowly  rather 
than  suddenly,  this  new  protoplasm  again  breaks  down  into 
zymogen,  which  in  turn  is  stored  up  In  the  cell,  and  so  the  cycle 
is  completed. 

Such  may  be  considered  the  more  comrnim  mnde  of  j>rocedure  ; 
and  in  such  a  case  we  are  enabled,  as  in  tbe  pancreas  or  mucous 
gland,  to  watch  the  accumulation  and  disappearance  of  the 
zymogen  or  mucigen,  because  this  is  alternately  in  excess  of  or 
less  than  the  actual  proluplasiii.  But  we  can  easily  imagine  a 
case  in  which  all  tlie  various  stages  of  the  upward  and  down- 
ward raetaboliem  keep  pace  with  each  other,  in  which  for  instance 
when  any  quantity  of  zymogen  is  converted  into  ferment  which 
leaves  the  cell,  just  that  quantity  of  zymogen  is  replaced  by  a 
destruction  of  protoplasm,  and  a  new  quantity  of  protoplasm 
appears  just  sufficient  to  replace  the  old  which  has  been  broken 
down.  In  such  an  instance  of  continuous  changes  it  would  be 
impossible,  wiih  our  present  me^nn  at  least  to  trace  out  the  scries 
of  events,  though  those  at  bottom  would  be  idoiilical  with  those 
where  the  changes  were  discontinunutj.  And  indeed  it  la  obvious 
that  this  same  plan  of  secretion,  if  we  may  so  call  it,  might  be 
made  to  produce  very  varied  results,  by  variations  in  the  pro- 
portions and  rates  of  the  several  steps. 

Admitting,  however,  this  view  of  what  we  may  call  the  proto- 
plasmic aspect  of  secretion,  another  feature  has  to  be  considered. 
The  juice  secreted  by  any  gland  consists  not  only  of  the  specific 
ferments,  trypsin,  etc.,  as  the  case  may  be,  found  in  it,  but  also 
of  a  large  quantity  of  water,  and  of  various  saline  or  other 
soluble  substances  common  to  it  and  other  juices.  And  the 
question  arises,  Is  this  water,  or  are  these  salts  and  soluble  sub- 
stances furnished  by  the  aame  act  as  that  which  supplies  the 
specific  constituents? 

To  this  we  may  reply,  that  the  very  water  is  discharged  by  the 
activity  of  the  cell,  and  is  not  a  mere  filtration  from  the  blood- 
vessels.    For,  as  we  have  seen  in  the  case  of  the  salivary  glands, 
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'irhen  atropin  is  given,  not  only  ilo  the  specific  constituents  cease 

to  bo  ejecte*!  iu  spile  of  the  vessels  hecoiuing  r^ilateij,  but  the 
discharge  of  water  is  nl^  arresteii :  do  saliva  at  all  leave«<  the 
gland.  And  what  is  (rue  of  the  «ilivary  glands  probably  holds 
good  with  the  other  glands.  Assuming  then  that  even  the  escape 
of  water  is  the  result  of  the  activity  of  the  cell,  we  c-annot  but 
feel  au  increased  interest  iu  the  fact  mentioned  some  lime  aeo, 
that  iu  the  submaxillary  gland  of  the  dog,  stimulation  of  tne 
chorda  tym|mni  produces  a  copious  flow  of  thin  limpid  saliva, 
and  stimuiaiiou  of  the  cervical  8ym[>&thetic  a  scuuty  flow  oi  thick 
viscid  ealivn.  That  is  to  say.  stiraulatinn  of  the  chorda  atTects 
chirj^y  the  discharge  of  water,  which  carries  away  with  it  vari^me 
Hohihle  matters,  while  stimulation  of  the  sympathetic  chiefly 
aHccts  tho  couvereiou  of  mucigen  into  mucin.  To  this  we  may 
add  the  case  of  the  |>arotid  of  the  dog.  In  this  stimulation  of  a 
I't'i'obr"  spinal  nerve,  the  auriculo-temporal  produces  a  copious 
How  of  lin»pi»l  suliva,  while  stimulation  of  sympathetic  pruduces 
\{MAi  little  or  no  secretion  at  all ;  but  after  previous  stimulation 
iif  tho  sympathelio.  the  saliva  which  flows  a|H>u  stimulation  of 
the  t'crt'liro-spinal  nerve  is  much  richer  in  solid,  and  especially 
ill  organic,  matter.  And  we  have  already  seen  that  while  the 
microscopic  changes  atler  cerebro-spinal  stimulation  are  inappre- 
ciable, those  follnwing  upon  sympathetic  stimulation  are  very 
conspicuous.  The  latter  give  rise  to  certain  constituents;  whiJe 
the  former,  so  to  sin-ak,  wash  Ihem  away  into  the  duct. 

These  and  other  facts,  on  which  we  need  not  now  dwell,  have 
led  tit  the  conception  that  the  act  of  secretion  consists  of  two 
purls,  both  disilinct  etfuris  of  the  cell,  which  in  one  case  may  co- 
incide, in  another  may  take  place  apart  or  iu  ditferent  pro|K>rtion8. 
On  the  other  hand,  there  is  the  discharge  t^f  water  carrying  with 
it  comunui  soluble  substances ;  on  the  other,  the  escape  of  8|>ecific 
substances  nsiilting  from  the  profound  metabolism  of  the  cell 
protoplasm.  And  it  has  been  supposed  that  two  kinds  of  nerve- 
fibres  exist,  one  governiug  the  fornjer  process  and  pre(K)nderating 
in  the  chorda  tympani,  for  instance,  the  cither  governing  the 
latter  and  prepouderating  in  the  branches  of  the  cervical  sympa- 
thetic. Further  hypotheses  have  been  put  forward  to  explain 
the  modus  operandi  of  the  discharge  of  water,  such  as  the  exist- 
ence  of  8ul)stance«  in  the  cell  which  absorb  water  from  the  blood 
or  lymph  ou  the  one  side  and  give  it  up  on  the  other  side  into 
the  lumen  of  the  alveolus.  But  these  mailers  are  not  yet  ripe 
for  any  distinct  assertion,  and  though  wo  have  thought  it  right 
to  bring  the  mailer  before  <mr  readers,  we  mufrt  not  pursue  the 
discussion  imy  further.  Whether  there  be  iwn  seta  of  fibres  or 
no,  whether  the  two  processes  be  absolutely  instinct  or  merely 
variations  of,the  same  fundamental  changes,  ihe  proposition  on 
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which  we  have  so  long  dwelt — that  the  flow  of  juice  fn>m  a 
secretint^  gland  is  essentially  the  outcume  of  the  activity  of  the 
secreting  cell — remainB  eqiiully  true. 

Before  we  leave  the  inechnniarit  of  secretiou,  there  are  one  or 
more  accessory  |v>int3  which  deserve  attention. 

In  treating  ju8t  now  of  the  gastric  glands,  we  spoke  as  if  pepsii 
were  the  only  important  conetituent  of  gastric  juice,  whereas,  aa' 
we  have  previously  seen,  the  acid  ia  equally  essential.  The 
formation  of  the  iree  acid  of  the  gastric  juice  is  very  obscure, 
and  many  ingenious  but  unsatisfactory  views  have  been  put 
forward  to  explain  it.  It  seems  natural  to  suppose  that  it  urines 
in  some  way  from  the  decomposition  of  sodium  chloride  drawn 
from  the  blood ;  and  this  is  eup|>orted  by  the  fact  that  when  the 
secreti^m  of  gastric  juice  is  actively  going  on,  the  amount  of 
chlorides  leaving  the  blood  by  the  kidney  is  profwrtionately 
diminished ;  but  nothing  detiuite  can  at  present  be  staled  ua  la 
the  mechanism  of  that  decomposition,  though  an  organic  ucid 
such  as  lactic,  which  as  we  have  seen  appears  in  the  juice,  might 
under  certain  conditions  succeetl  in  dcci»n»[)f>Hing  chIorid(^.  And 
even  admitting  that  the  sodium  chloride  of  the  body  at  large  is 
the  ultimate  source  of  the  chlorine  element  of  the  aM,  it  nj>[)*^ar3 
more  likely  that  that  element  should  lie  i^et  free  in  the  stomach 
bv  the  decomposition  of  some  highly  c<>mi)lex  atid  unstable 
chlorine  comjiound  previously  generated,  than  that  it  i*bouId 
arise  by  the  direct  splitting-up  of  so  stable  a  body  us  sodium 
chloride,  at  the  time  when  the  acid  is  secreted. 

In  the  frog,  while  pepsin  free  from  acid  is  secreted  by  the 
glands  in  the  lower  portion  of  the  u'sophagus,  an  acid  juice  is 
afforded  by  glands  in  the  stomach  itself,  which  have  accordingly 
been  called  ocyntie  (iVrim.  to  sharpen,  acidulate)  glands;  but 
these  oxyntic  glands  appear  aliHJ  to  secrete  pepsin.  In  the 
mammal,  the  isolated  pylorus  secretes  an  alkaline  juice ;  in  fact 
the  appearance  of  an  acid  juice  in  limited  to  those  portions  of 
the  stomach  in  which  the  glands  contain  both  "chief  or  "cen- 
tral," and  "ovoid"  or  "  border"  cells.  Now  there  can  I>e  no 
doubt  that  the  chief  cells  do  secrete  pepsin.  During  life  the 
granules  visible  in  the  living  chief  cells  abound  or  are  scanty 
according  as  pejinin  is  about  to  be  or  has  been  Hecreted,  and  after 
death  they  contain  ]»epsin  (or  pepsinogen),  and  tliat  In  proportion 
U>  their  richness  in  granules.  No  such  correspondence  can  be 
seen  in  the  "  border  "  or  '*  ovoid  "  cells.  Hence  it  has  been  in- 
ferred that  the  border  cells  secrete  acid  ;  but  the  argument  is  one 
of  exclusion  only,  there  being  no  direct  proofs  of  these  cells 
actually  manufacluriug  the  acid. 

The  rennet  terment  appears  to  be  formed  by  the  same  cells 
which  manufacture  the  pepsin — that  isj  by  the  chief  cells  of  the 
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fundus  generally,  and  to  some  extent  by  the  celle  of  tbe  pyloric 
glands.  We  may  add  that  we  have  evidence  of  the  exiBtenoe  of 
a  zymogen  of  the  rennet  ferment  analogous  to  the  zymogen  of 
pepsin  (ir  trypsin. 

The  mucus  which  ia  present  as  a  thin  laj'er  over  the  surface 
of  the  fasting  stonmch,  and  which,  especially  in  herbivorous 
animals,  is  increased  during  digestion,  comes  from  the  mucous 
cells  which  line  the  mouths  of  the  several  glands  and  cover  the 
intervening  surfaces. 

We  previously  called  attention  to  the  fact  that  in  the  case  of 
the  stomach  the  absorption  of  tbe  products  of  digestion  largely 
increased  the  activity  of  the  secreting  cells.  This  has  led  to  the 
idea  tliat  nne  effect  of  food  is  to  "charge"  tiie  gastric  cells  with 
pepsinogen,  and  that  certain  articles  of  tbod  ndght  be  considered 
as  especially  [wplogenous — i.e.,  conducive  to  the  formation  of 
pepsin.  Such  a  view  is  tempting,  but  needs  as  yet  to  he  more 
fully  supported  by  facta. 

Seeing  the  great  solvent  power  of  both  gastric  and  pancreatic 
juice,  the  question  is  naturally  suggested,  Why  does  not  the 
stomach  digest  itself?  After  death,  the  stomach  is  frequently 
found  partially  digested — vix,,  in  cjises  when  death  has  taken 
place  suddenly  on  a  full  stomach.  In  an  ordinary  death^  the 
membrane  ceases  to  secrete  before  the  circulation  is  at  an  end. 
That  there  is  no  special  virtue  in  living  things  which  prevents 
their  being  digested  is  shown  by  the  fact,  that  the  legs  of  a  frog 
or  the  ear  of  a  rabbit  introduced  into  a  stomach  through  a  fistula 
are  readily  dige.-»ted.  It  has  been  suggested  that  the  blood-current 
keeps  up  an  alkalinity  sufficient  to  neutralizr  the  acidity  of  the 
juice  in  the  region  of  the  glands  thenmelvo;  but  this  will  not 
expliiin  why  the  pancreatic  juice,  which  is  active  in  an  alkaline 
rnrdium,  does  not  digest  the  proteids  of  the  pancreas  itself,  ur 
why  tlie  dig4?stive  cells  of  the  bloodless  actinozoon  or  hydrozoon 
do  not  digest  themselves.  We  might  add,  it  does  not  explain 
why  theam'vba,  while  dissolving  the  protoplasm  of  the  swallowed 
diatom,  does  not  dissolve  its  own  protoplasm.  We  cannot  answer 
this  question  at  all  at  present,  any  more  than  the  similar  one, 
why  the  delicate  proto|)laem  of  the  amccba  resists  during  life  all 
osmosis,  while  a  few  moments  after  it  is  dead,  osmotic  effects  be- 
come abundantly  evident. 

The  secretion  of  bile  needs  a  few  additional  wonls.  The 
analogy  of  the  other  glands,  and  what  we  already  know  of  tbe 
microscopic  changes  in  tlie  hepatic  cells,  lead  us  to  believe  that 
the  secretion  of  even  such  a  complex  fluid  as  the  bile  is  in  the 
main  tbe  result  o(  the  direct^metaboHc  activity  of  the  protoplasm 
of  the  hepatic  cells.  And  this  view  m  supported  bv  the  fact  ihftl 
nft<^r  Hxtirpaiion  of  the  liver,  no  accumulation  of  the  biliary  con- 
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stituenta  is  observed  to  take  place  during  the  few  hours  of  life 
reniaiwing  to  the  animal  after  the  operatiou.  StiJl  the  great 
complexity  of  the  seuretiou  iutroduces  several  very  ini])orLnnt 
considerations.  In  the  Hrdt  place,  the  Jiver,  unlike  the  other 
digestive  glands,  has  a  douhle  Hiipply  of  blou<l ;  Hnd  vain  at- 
tempts have  been  made  to  settle  by  direct  experiment  the  (|uestion 
whether  the  hepatic  artery  or  the  veua  port*  in  the  more  closely 
coticerued  in  the  prodiictiou  of  bile.  Ligature  of  the  hepatic 
artery  has  soraetimes  had  ud  eftect  on  the  secretion,  sometimes 
has  interfered  with  it.  Sudden  ligutuie  of  the  vena  purlic  at 
once  BUi\ys  the  flow  of  bile;  but  gradual  obliteration  may  be 
effected  without  either  causing  death  or  even  interfering  with  the 
secretion,  anastomotic  hranchp8  fi»rming  a  collateral  eircutaliuu, 
and  thus  maintaining  an  efhcieut  How  of  t>l<K>d  ihruugli  tlie  liver. 
The  problem,  which  is  probably  a  barren  one,  cannot  be  settlcil 
in  this  way. 

In  the  second  place,  the  hepatic  cells  not  only  secrete  bile, 
but,  as  we  shall  see  later  on,  take  an  active  part  in  other  opera- 
tions (»f  even  greater  imp<»rtance.  The  consideration  of  the 
question  in  what  way  these  aevcral  functions  of  the  hepatic  cells 
are  related  to  each  either  must  be  deferred  tor  the  present. 

In  the  tliird  place,  cveu  if  we  maintain  that  the  chief  u^mstitu- 
ents  of  the  bile  are  manufactured  in  the  hepatic  cells,  and  not 
simply  drained  ofl'frum  the  blood,  we  are  not  thereby  precluded 
frotn  admitting  that  the  liepatic  ocIIb  may  avail  themselves  of 
certain  half-made  materials,  the  arrival  of  which  in  the  blood 
may,  so  to  speak,  lighten  their  tabors;  or  that  they  may  even 
boldly  seize  upon  ami  pass  off  as  their  own  handiwork  any  wholly 
manufactured  (Hnistitueuts  which  may  be  oliered  to  them.  Thus 
we  have  already  seen  reasons  tor  thinking  that  the  bile-pigments 
are  nut  made  dt:  novo  in  the  hepatic  cells,  but  spring  from  hicmo- 
ghtbin,  the  change  in  the  Hver  neing  one  of  comparatively  simple 
transformation.  So,  also,  it  is  quite  possible,  though  not  proved, 
that  much  if  not  all  of  the  cholesterin  of  bile  is  merely  withdrawn 
by  tlie  liver  from  the  body  at  large.  And  even  with  the  central 
components  of  bile,  the  bile  saltd,  we  know  that  in  the  case  of 
taurocholic  acid,  taurin  is  normally  present  in  certain  tissues, 
and  that  in  the  case  of  glycocbolic  acid,  glycin,  if  not  a  normal 
constituent  of  any  tissue,  ia  present  in  the  body,  since  the  body 
can  convert  benzoic  into  hippuric  acid,  as  we  shall  see  in  n  sue* 
ceeding  section  ;  so  that  the  foruiation  of  these  bodies  by  the 
hepatic  cells  may  be  limited  to  the  production  of  cholalic  acid 
and  its  conjugation  with  one  or  other  of  the  abuve  amido-acids. 
Moreover,  as  a  matter  of  fact,  we  find  that  the  How  of  bile  from 
a  biliary  fistula  is  much  increased  by  the  injection  of  bile  into 
the  small  intestine.     This  experiment  renders  it  pot^sible  that 
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some  of  the  bile  which  in  iialuml  digestiou  is  poured  inlo  the 
intestine  ifl  reabsorbed,  and  carried  back  to  the  liver  to  do  duty 
over  again. 

In  medicftl  practice;  distinction  is  drawn  between  jaundice  by 
suppression  of  tlie  secreting  functions  of  the  liver  and  jaundice 
by  retention,  brought  about  by  an  obstruction  existin,^  in  some 
part  of  the  biliary  passages.  The  gravity  of  the  symptoms  in 
the  first  class  of  cases  shows  that  an  arrest  or  a  loo  great  diminu- 
tion of  the  norma]  functions  of  the  hepatic  cells  is  at  least  accom* 
punied  by  the  presence  in  the  blood  of  substances  injurious  to 
life;  but  how  far  the  presence  of  those  substances  is  due  to  a 
failure  of  the  manufacture  of  bile  and  the  accumulation  in  the 
system  of  the  materials  for  the  formation  of  bile,  or  to  a  failure 
of  other  functions  of  the  hepatic  cells,  must  be  regarded  as  at 
present  uudeterniiued.  The  presence  of  the  bile-pigment  in  this 
ibrni  of  jaundice  would  seem  to  indicate  that  the  formation  of  the 
piguieul — i.  «*.,  the  transformation  of  hfenioglobin  int*»  bilirubin, 
in  contrast  to  the  formation  of  bile  acid^,  ret^uires  but  little  labor 
on  the  part  of  the  cell,  and  may  be  carried  on  even  when  the 
nutrition  of  the  cell  is  highly  deranged. 


8ec.  3. — The  Muscular  Mex'iianisms  of  Digkstion, 


From  its  entrance  into  the  mouth  until  such  remnant  of  it  as 
is  undigested  leaves  the  body,  the  food  is  continually  subjected 
to  movements  having  for  their  object  the  trituration  of  the  food 
as  in  mastication,  or  its  more  complete  mixture  with  the  digestive 
juices,  or  its  forward  progress  through  the  alimeutary  canal. 
These  various  movements  may  briefly  be  considered  in  detail. 

Mastication. — Of  this  it  need  only  be  said  that  in  man  it  con* 
sistii  chietly  of  an  up  and  down  movement  of  the  lower  jaw,  com- 
bined, in  the  grinding  action  of  the  molar  teeth,  with  a  certain 
amount  of  lateral  and  fore-and-aH  movement.  The  lower  jaw  is 
raised  by  means  of  the  temporal,  masseler,  and  internal  pterygoid 
muscles.  The  slighter  eifort  of  depression  brings  into  action 
chiefly  the  digastric  muscle,  though  the  mylohyoid  and  genio- 
hyoid probably  share  in  the  matter.  ( Vm traction  of  the  eiternal 
pteryg*>id8  pulls  forward  the  condyles,  ami  thrusts  the  lower  teeth 
in  front  of  the  upper.  Contraction  of  the  pterygoids  on  ono  side 
will  also  throw  the  teeth  on  to  the  opposite  side.  The  lower 
horizontally  placed  fibres  of  the  temporal  serve  to  retract  the 
jaw. 

During  mastication,  the  food  is  moved  to  and  fro,  and  rolled 
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aboui  by  the  movements  of  the  tongue.     These  are  effected  by 
ttie  niUHcies  of  that  urgan  governed  by  the  hypoglogsnl  nerve. 

The  act  of  mnstiration  is  a  voluutary  one,  guided,  as  are  so 
many  voluutary  acts,  not  only  by  muscular  sense  but  also  by 
contact  sensations.  The  motor  fibres  of  the  firth  cranial  nerve 
convey  motor  impulses  from  the  brain  to  the  muscles :  but 
paralysis  of  the  sensory  fibres  of  the  same  nerve  renders  mas- 
licatiou  difficult  by  depriving  the  will  of  the  aid  of  the  usual 
eensations. 


Beglntitioil. — The  food  when  sufficiently  masticated  is,  by  the 
movenieiiis  of  ihe  tongue,  gathere<l  opinio  a  hohis  on  the  middle 
of  the  upf»er  surface  of  that  organ.  The  front  of  the  tongue 
being  raised — partly  by  its  iutrinsic  muscles,  and  partly  by  the 
styloglossus — the  bolus  is  thrust  back  between  the  tongue  and 
the  palate  through  the  auterior  pillars  of  the  fauces  or  isthmus 
faucium.  Immediately  before  it  arrives  there,  the  ftafi  palate  is 
raisetl  by  the  levator  palati,  aud  so  brought  to  touch  thu  pusterior 
wall  of  the  pharynx,  which,  by  the  contraction  of  the  upper 
margin  of  the  superior  constrictor  of  the  pharynx,  bulges  some- 
what forward.  The  elevnlion  rtf  the  soft  palate  causes  a  distinct 
rise  of  pressure  in  the  nasal  chamber;< ;  this  can  be. shown  by 
introducing  a  water  manometer  into  one  nostril,  and  closing  the 
other  just  previous  to  swallowing.  By  the  contraction  of  the 
patato-pharyngeal  muscles  which  lie  in  the  posterior  pillars  of 
the  faucefl,  the  curved  edges  of  those  pillars  are  made  straight, 
and  thus  tend  to  meet  in  the  middle  line,  the  small  gap  between 
them  being  filled  up  by  tiie  uvula.  Through  these  mann'uvres, 
the  entrance  into  the  posterior  uares  is  blocked,  while  the  soft 
palate  forms  a  slopim;  roof,  guiding  the  bolus  down  the  pharynx. 
By  the  contraction  of  the  stylo-pharyngeus  and  palato-pharyn- 
geus,  the  funnel-shaped  bag  of  the  pharynx  is  brought  up  to 
meet  the  descending  morsel,  very  much  as  aglove  may  be  drawn 
up  over  the  finger. 

Meanwhile,  in  the  larynx,  as  shown  by  the  laryngoscope,  the 
arytenoid  cartilages  and  vocal  cords  are  approximated  ;  the 
latter  being  also  raised  so  that  they  come  very  near  to  the  false 
vocal  cords;  the  cushion  at  the  base  of  the  epiglottis  covers  the 
rima  glottidis,  while  the  epiglottiy  itself  is  depressed  over  the 
larynx.  The  thyroid  cartilage  is  now,  by  the  action  of  the  laryn- 
geal muscles,  suddenly  raised  up  behind  the  hyoid  bone,  and 
thus  assists  the  epiglottis  to  cover  the  glottis.  Thip  movement  of 
the  thyroid  can  easily  be  felt  on  the  outside.  Thus,  both  the 
entrance  into  the  jiosturior  uares  aud  that  into  the  larynx  being 
closed,  the  impulse  given  to  the  bolus  by  the  tongue  can  have  no 
other  edect  than  to  propel  it  beneath  the  sloping  soft  palate,  over 
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the  incline  formed  by  the  root  of  the  tnngue  and  the  epiglottis. 
The  palalu-gluefii  or  constriotoree  ialhuii  I'aucium,  which  lieiu  tlic 
anterior  [tillars  of  the  fauces,  by  contracting,  close  the  door 
behind  the  fou<l  which  hR»  |fa»sed  them. 

Wlien  the  bulus  ut*  ibod  la  large,  it  is  receivei]  by  the  middle 
and  lower  conatrictors  of  the  pharynx,  which,  cuotraeting  in 
sequence  fn>m  above  downwards,  thrust  it  into  the  rraophagud, 
along  which  it  is  driven  by  a  similar  series  i»f  successive  con- 
tractions, which  we  shall  speak  ol'  immediately  »b  peristaltic 
action.  This  comparatively  slow  descent  of  the  food  i'rom  the 
pharynx  into  the  stomach  may  be  readily  seen  if  animals  with 
long  necks,  such  as  horses  and  dogs,  be  watched  while  swallow- 
ing.  Recent  observations,  however,  seem  to  shfjw  that  when  the 
morsel  is  not  large,  and  especially  when  the  gul>8tanec  swallowed 
is  Hcjuid,  the  movement  of  the  back  part  of  the  tougue  is  sutficieut 
Dot  merely  to  iulroduce  the  food  inlu  the  grasp  of  the  coustrictors 
of  the  pharynx,  but  even  to  propel  it  rapnily — tii'tjhoot  it  in  fact 
— along  the  lax  cesophagus  before  the  muscles  ot  that  organ  have 
time  to  contract.  In  8uch  a  mode  of  swallowing,  the  middle  and 
lower  constrictors  take  little  (»r  no  part  in  driving  the  fttod  on- 
ward, though  tiiey  and  the  cesophagus  appear  to  contract  from 
al>ove  downwards  aller  the  food  has  passed  by  them,  as  if  to 
complete'the  act  and  to  insure  that  nothing  has  been  left  behind. 
Deglutition  in  this  fashion  still  remains  prifLsible  after  the  con- 
Btrictors  have  become  paralyzed  by  section  of  their  motor  nerves. 

Deglutition,  therefore,  though  a  continuous  act,  may  be  re- 
garded as  divided  into  three  stages.  The  first  stage  is  the 
thrusting  of  the  food  through  the  isthmus  faucium;  this  may  be 
either  of  long  or  short  duration.  The  second  st^ige  is  the  passage 
through  the  upf>er  part  of  the  pharynx.  Here  the  food  traverses 
a  region  common  both  to  the  food  and  to  respiration,  and  in  con- 
sequence the  movement  is  as  rapid  as  possible.  The  third  stage 
is  the  descent  through  the  grasp  of  the  constrictors.  Here  tne 
food  has  passed  the  respiratory  orifice,  and  in  consequence  its 
ge  may  again  become  comparatively  slow,  or,  as  we  have 
,  may  continue  to  be  rapid. 

The  tin^t  stage  in  this  complicated  process  is  undoubtedly  a 
voluntary  action.  The  raising  of  the  soft  palate  and  the  ap- 
proximation of  the  [H>8terior  pillars  may  also  be,  at  limes, 
voluntary,  since  they  have  been  seen,  in  a  case  where  the 
pharynx  was  laid  bare  by  an  operation,  to  take  place  before  the 
food  had  touched  these  parts ;  but  the  movement  may  take  place 
without  any  exercisi*  of  the  will  or  presence  of  cousciousiiess. 
And,  indeed,  the  second  stage  taken  as  a  whole,  though  aome  of 
the  earlier  component  moveraenis  are,  as  it  were,  on  the  border- 
land between  the  voluntary  and  iavuluntary  kingdoms,  must  be 
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regarded  as  a  reflex  act.  The  third  and  last  stage,  whatever  be 
the  exact  form  which  it  takes,  is  undoubtedly  reHex  ;  the  will 
has  no  power  whatever  over  ir,  and  can  neither  uriginatc,  stop, 
nor  modify  it. 

Deglutition,  in  fact,  as  a  whole,  is  a  reflex  act;  it  cannot  take 
place  unleas  some  stimulus  he  appHe*!  to  the  nuicoUH  membrane 
of  the  fauces.  When  we  voluntarily  bring  about  swallowing 
movements  with  the  mouth  empty,  we  supply  the  necessary 
Btiraulufl  by  forcing  with  the  tongue  a  small  quantity  of  saliva 
into  the  fauces,  or  by  touching  the  faueca  with  the  tongue  itself. 

In  the  reflex  act  of  deglutition  the  aflereiit  impulses  originated 
in  the  fauces  are  carried  up  chiefly  hy  the  ghisso-pharyngeal,  but 
also  by  branches  of  the  fifth,  and  by  the  pharyngeal  branches 
of  the  8uperii»r  laryngeal  division  of  the  vagus.  The  eflerent 
impulses  descend  the  liypoglof<snl  to  the  muscles  of  the  tongue, 
and  pass  down  the  glo6so-|»lmryngeBl,  the  vagus  through  the 
pharyngeal  plexus,  the  fifth,  and  the  facial,  to  the  nuisclea  of 
the  fauces  and  pharynx;  their  exact  paths  Ix^ng  as  yet  not 
fully  known,  and  probably  varying  in  diU'tTetit  iuiiuinls.  The 
laryngeal  muscles  are  governed  by  the  lar3'ngeiil  branches  of  the 
vagus. 

The  centre  of  the  reflex  act  lies  iu  the  medulla  oblongata. 
Deglutition  can  be  excited,  by  tickling  the  fauces,  in  an  animal 
ren<lered  unconscious  by  removal  of  the  brain,  provide*!  the 
niedtjlla  be  loil.  If  tKe  medulla  be  destroyed,  deglutition  is 
impossible.  The  centre  for  deglutition  lies  higher  n|)  than  that 
of  respiration,  so  that  the  former  act  is  frequently  irni)aircd  or 
rendered  impossible  while  the  latter  remains  untouchetl.  It  is 
probable  that,  as  in  the  case  in  r^o  many  other  rt'tlex  ads,  tlie 
whole  movement  can  be  called  forth  by  stimuli  affecting  the 
centre  directly,  and  not  acting  on  the  usual  airerent  nerves. 

Movements  of  the  (Esophagus. — As  we  have  already  said,  in 
certain  cases  at  all  events,  the  food  is  carried  down  from  the 
pharynx  to  the  stomach  in  a  comparatively  slow  manner,  by  the 
action  of  the  muscular  coat  of  the  (esophagus  itself.  Contrac- 
tions of  the  circular  fibres  occur  in  succession  from  above  down- 
warils,  driving  the  food  before  them,  very  much  as  a  fluid  may 
be  driven  along  a  tube  by  squeezing  it.  The  movement  is  prob- 
ably assisted  by  a  similarly  progressive  contraction  of  the  longi- 
tudinal muscular  coat;  hut  the  exact  manner  in  which  this  acts 
is  uncertain.  Such  a  progressive  movement,  of  which  we  have 
already  spoken  on  p.  131^,  and  wliiuh  is  nuich  more  pronounced 
in  the  small  intestine  than  in  other  parts  of  the  alimentary  canal, 
is  spoken  of  as  "|»eristaUic  action."  These  peristaltic  movements 
of  the  oesophagus  may,  like  those  of  the  intestine,  be  seen  after 
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removal  of  the  organ  from  the  body ;  aud,  indeed,  may  continue 
to  appear  upon  stimulatinn,  fur  an  unusual  length  of  time. 
Nevertheless,  in  the  intact  body,  the  movements  of  llie  '.esophagus 
seem  tu  be  much  more  cluttely  dependent  on  tlie  central  nervous 
systeai  than  do  those  of  the  intestines ;  tlie  contractitnis  are  not, 
as  in  the  latter  case,  transmitted  from  section  to  section  of  the 
lube,  but  afferent  impulses  started  in  the  pharj'nx  and  passing  to 
the  medulla  oblongata,  give  rise  to  reHex  efferent  impulses  which 
descend  along  nervous  tracts  to  successive  portions  of  the  organ. 
If  the  (esophagus  be  cut  across  some  way  down,  or  if  a  portion 
of  the  mi<ldle  region  be  excised,  stimulation  of  the  pharynx  will 
produce  a  peristaltic  contraction,  which,  travelling  tit>wnwards. 
will  not  stop  at  the  section,  but  will  be  continued  on  intfj  the 
lower  ilisconnecteJ  portion  by  moans  of  the  central  nervous  sys- 
tem. And  it  is  stated  that  ordinary  peristaltic  contractions  of 
the  lower  part  of  the  (esophagus  can  be  readily  excited  by  stimu- 
lation of  the  pharynx,  but  nut  by  stimuli  ap[>lied  to  its  own 
mucous  membrane.  In  the  retlex  act  which  thus  brings  about 
the  peristaltic  contraction  of  the  iL'Sophagus,  the  atlerent  nerves 
are  those  of  the  pharynx,  viz.,  the  superior  laryngeal  nerve, 
branches  of  the  fitlh,  and  in  some  animals  at  least  branches  of 
the  glossopharyngeal,  but  chiefly  the  first.  The  centre  lies  in 
the  medulla  oblongata,  being  a  part  of  the  general  deglutition 
centre;  and  the  etferent  impulses  pass  along  fibres  of  the  vagus, 
reaching  the  up|>er  part  <»f  the  a«ophagus  by  tlie  recwrent 
laryngeal  nerves,  and  the  lower  part  through  the  plexuses  over 
the  root  of  the  lungs  and  the  stomach,  to  which  the  vagus  gives 
origin.  Section  of  the  trunk  of  the  vagus  renders  diHicult  the 
passage  of  food  along  the  u'^ophagus,  and  stimulation  of  the 
peripheral  stump  causes  uisopliageal  contractiuns.  The  force  of 
this  movement  in  the  cesopnagus  is  consitlerable ;  thus  Moaso 
found  that  in  the  dog,  a  ball  pulling  bv  means  of  a  pulley  against 
a  weight  of  2r>0  grammes  was  readily  carried  down  from  the 
pharynx  to  the  stomach. 

The  junction  of  the  (esophagus  with  the  stomach  remains  in  a 
more  or  less  permanent  condition  of  tonic  or  obscurely  rhythmic 
contraction,  more  jmrticularly  when  the  stomach  is  full  of  food, 
and  thus  serves  as  a  sphincter  to  prevent  the  return  of  food  from 
the  stomach  into  the  (.esophagus.  During  the  passage  of  the  food 
from  the  o^-iophagus  into  the  stomach,  this  sphincter  becomes 
relaxed,  probably  by  a  mechanism  which  will  be  described  in 
treating  of  vomiting. 

movements  of  the  Stomach. — These  are  at  bottom  peristaltic 
in  nature,  though  largely  miHliHed  by  the  peculiar  arrangement 
of  the  gastric    muscular  librea.      When   food   Urst  euten»   the 
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stomach,  the  movemente  are  feeble  and  slight,  but  ae  digestion 
goes  on.  they  become  more  and  more  vigtirou?,  giving  rise  to  a 
son  of  churning  wilhin  tlie  stomurh.  tlie  food  travelling  iVoui  the 
cardiac  orifice  along  the  greater  cnrvature  to  the  pylorus,  and 
returning  by  the  lesser  curvature,  while  at  the  same  time  sub- 
sidiary currents  tend  to  carry  the  fuod  which  has  been  passing 
ch»8e  to  the  muc'ius  membrane  toward  the  middle  of  the  stomach, 
an<l  vi(x  versa.  At  the  pyloric  eml  strong  circular  contractions 
are  set  up,  by  which  piortions  of  food,  more  especially  the  dis- 
solved parts,  but  also  small  solid  pieces,  are  carried  through  the 
relaxed  sphincter  into  the  duodenum.  As  digestion  proceeds, 
more  and   more    material   leaves    the  stomach,  which   Is  thus 

fradually  emptied,  the  last  portions  which  are  carried  through 
eing  those  matters  which  are  least  digestible,  and  foreign  buiiies 
whicli  hupiwn  to  have  been  swallowed.  Tiie  presence  of  food, 
then,  leads  to  the  development  of  obscurely  peristaltic  rhythmic 
raovements,  the  stomach  when  empty  being  contracted,  but 
quiescent;  but  evidently  it  ia  not  the  mere  mechanical  repletion  of 
the  organ  which  la  the  cause  of  the  movements,  since  the  stomach 
is  fullest  at  the  beginning  when  the  iiiovenients  are  slight,  and 
becomes  emptier  us  they  grow  more  forcible.  The  one  thing 
which  does  increase  pari  jKut^m  with  the  movements  is  the  acidity, 
which  is  at  a  minimum  when  the  (generally  alkaline)  food  has 
been  swallowed,  and  increases  steadily  onwards.  It  has  not, 
however,  been  definitely  shown  that  the  increasing  acidity  in  the 
efficient  stimulus  giving  rise  to  the  movements. 

The  nervous  mechanism  of  the  gnalric  movements  is  at  present 
very  obscure.  The  stomach  receives  its  nervous  supply  from  the 
vagi  and  also  from  the  solar  plexus,  with  which  the  splauchnics 
arc  connected.  When  the  vagi  are  divided,  a  spasmodic  con- 
striction of  the  cardiac  orifice  takes  place;  in  otlier  words,  the 
tonic  action  of  the  sphincter  is  increased,  and  food  is  thus  pre- 
vented, for  a  time  at  least,  fn^m  leaving  the  o'sophagus.  In 
addition,  the  natural  movenienta  of  the  stomach  itself  cease,  or 
l>ecome  uncertain  and  irregular,  even  if  food  be  present.  Incom- 
plete movement**  may  be  induced  by  stimulation  of  the  peripheral 
stumps  of  the  vagi,  when  the  stomach  is  full,  hut  not  so  readily 
if  it  be  empty.  The  effects  of  section  or  stimulation  of  the 
splanchnics  or  of  the  branches  from  the  solar  plexus  are  uncer- 
tain. N(>r  do  we  know  the  exact  mechanism  by  which  the  pyloric 
sphincter  is  used  to  strain  otf' gradually  the  more  digested  portions 
of  the  ftHxI.  The  movements  of  even  a  full  8ton\ach  are  said  to 
cease  during  sleep. 

Movements  of  the  Small  Intestine. — Though  peristaltic  move- 
ments occur  along  the  whole  length  of  the  alimentary  canal,  from 
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the  (raopbaguB  to  the  rectum,  thej  are  more  pronouoced  in  the 
small  iDiostiDe  than  elsewhere.  When  the  iDtesiines  are  watched, 
after  openiog  the  abdomen,  circular  coDtractioofi — that  is,  con- 
tractions of  the  circular  cnat — may  be  seen  travelling  lengthways 
alon^  the  intestine,  and  often  upwards  as  well  as  downwards. 
Similarly,  longitudinal  contractiunii — that  is,  cuntractions  of  the 
longitudinal  coat,  may  also  be  seen  tu  travel  lengthways.  The 
circular  coat  being  much  thicker  and  stouter  than  the  longitudinal 
coat,  is  the.  more  imiM)rtant  of  the  two,  ami  it  is  by  the  contrac- 
tions of  the  circular  coat  that  iu  the  normal  state  of  tbioga.the 
contents  of  the  intestine  are  driven  along  toward  the  ilio-ciecal 
valve.  The  contractions  of  the  longitudinal  coat  appear  to  be 
chietly  of  use  iu  p^rKlu^;iug  peculiar  oscillating  moveaieuts  of  the 
pendant  loops  in  which  the  intestine  is  arranged.  The  rhythmic 
occurrence  of  these  circular  and  to  and  fro  movements,  together 
with  the  passive  movements  caused  by  the  entrance  of  the  fluid 
contents  into  or  their  exit  from  the  various  loops,  brings  about 
the  peculiar  writhing  uf  the  intestines  which  has  given  rise  to  the 
phrase,  peristaltic  action. 

The  moverDenIs,  as  we  have  said,  take  place  from  above  down- 
wards, and  a  wave  beginning  ai  the  pylorus  may  be  traced  along 
way  down.  But  cuntracti<m8  may,  and  in  all  probability  (»cca- 
sionally  do,  begin  nt  various  points  along  the  length  of  the 
intestine.  In  the  living  body  the  intestines  have  periods  of  rest, 
alternating  with  |>eriods  of  activity,  the  occurrence  of  the  periods 
depending  on  various  circumstjinces. 

With  regard  to  the  causation  of  the  |>eristaltic  movements  of 
the  intestine,  this  much  may  be  aflirmed,  that  they  may  occur, 
us  in  a  piece  of  intestine  cut  out  from  the  body,  wholly  indepen- 
dently of  the  central  nervous  system ;  and  the  only  nervous 
elements  which  can  be  regarded  as  essential  to  their  development 
are  tlie  ganglia  of  Auerbach  or  those  of  Meiesner  in  the  intestinal 
walls.  Though  the  nK.veraents  can  readily  be  excited  by  stimuli, 
applied  either  to  the  outside,  or,  more  especially,  to  the  inside  of 
the  intestine,  they  are  probably  at  bottom  automatic.  The 
presence  of  fotid,  especially  of  food  in  motion,  may  at  times  act 
as  a  stimulus,  and  may  in  all  cases  be  a  condition  atlbcting  the 
nature  and  extent  of  the  movement ;  but  cannot  be  regarded  as 
the  real  cause  of  the  action.  When  any  body  is  introduced  into 
the  intestine,  a  contraction  at  tirst  occurs,  but  soon  losses  off  as 
the  intestine  becomes  accustomed  to  the  presence  of  the  bo<lr. 
There  is  no  reason  why  the  intestine  should  not  become  equally 
accvistomed  to  the  presence  of  food ;  nnd,  as  a  matter  of  fact, 
peristaltic  movement*  are  often  absent  when  the  intestines  are 
full.  The  presence  of  food  bears  alxtut  the  same  relation  U>  the 
movements  of  the  iotesune,  that  the  presence  of  blood  bears  lo 
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the  beat  of  the  heart.  Both  are  favoring  but  nut  indispensable 
cnnflitinns;  in  both  cases  the  action  can  go  on  without  them. 
We  may  add,  ihut  just  a9  the  tension  of  a  muscle  iucretisea  up 
to  n  certain  extent  the  amount  of  its  contraction,  and  u  full  heart 
beata  more  strongly  than  an  empty  one,  so  Histcnti<)n  of  the 
intestine  largely  increases  |>eri8taltic  aoliim.  Hence,  in  eases  of 
sbetructtoD  of  the  bowels,  the  movements  become  distressing  by 
their  violence. 

Among  the  chief  circumstances  affecting  peristaltic  action  may 
be  mentioned  in  the  first  place  the  condition  of  the  blood.  A 
lack  of  oxygen  or  an  excess  of  carbonic  acid  in  the  bloo(]  excites 
powerful  niovementa.  This  is  well  seen  in  asphyxia,  and  the 
powerful  pijst-niortem  |)eristaltic  movenienta  witnessed  on  o()eniug 
a  recently  killed  animal,  an  well  as  those  which  frequently  occur 
when  in  the  living  i>r.dy  the  bloo<l-8tream  is  cut  off  by  compres- 
sion of  the  aorta,  are  j)robably  due  to  the  deficiency  of  oxygen 
or  the  aocumulatiun  oi  carbonic  acid  in  tho  blood  and  tissues  of 
the  intestinal  walls.  Conversely,  saturation  of  the  blood  with 
oxygen,  as  in  the  p>eculiar  condiiicm  known  as  apn<ea  (sec  chapter 
on  Respiration),  lends  to  check  peristaltic  movements. 

In  the  second  place,  [leristalti*!  action  is  largely  influence<l  by 
nervous  influences  passing  along  the  splanchnic  and  vagus  nerves. 
The  movements  will  go  on  after  section  of  both  these  nerves;  but 
as  a  general  rule,  while  stimulation  of  the  splanchnic  tends  to 
check,  that  of  the  vagus  tends  to  excite  them;  but  much  haa 
probably  yet  to  be  learnt  about  the  exact  manner  in  which  these 
nerves  act.  It  is  probably  through  the  vagus  that  {»eristaltic 
movements  can  be  effuetini  in  an  indirect  mauuer,  as  in  that 
increase  of  the  movemeiiLs  of  the  intestine  in  consequence  of 
eniolious.  which  has  giveu  rise  to  the  phrase,  "  my  bowela 
yearned." 

When  the  vagus  is  stimulated,  peristaltic  contraction  is  seen  to 
begin  at  the  pylorus  of  the  stomach,  and  so  tc»  descend  along  the 
intestine.  When,  however,  the  duodenum  is  mechanically  slimu- 
laled,  both  a  peristaltic  and  an  antiperistaltic  wave — that  is.  a 
wave  of  contraction  passing  upwards  instead  of  downwards,  may 
be  observed,  the  former  passintr  downward,  and  ceasing  at  the 
ileivciecal  valve  if  not  before,  the  latter  passing  u[i  anti  centring 
at  the  pylyrus.  And  when  in  the  exposed  intestines  a  wave,  as 
uccaeionally  happens,  begins  spontaneonsly  in  the  duodenum,  it 
may  s  mietimes  ue  seen  to  pass  both  upwards  and  downwards.  It 
is  worthy  of  notice,  that  stimulation  of  the  small  intei<line  is  said 
not  to  cause  movement  either  in  the  stomach  or  large  intestine, 
and  stimulation  of  the  large  intestine  or  of  the  stomach  causes 
no  movement  of  the  small  intestine,  the  ilio-ciecal  valve  and  the 
pylorus  burring  the  progress  of  the  waves, 
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Certain  drugs,  such  as  nicotin,  induce  strong  peristaltic  actiou ; 
the  moiius  operandi  of  these  aud  of  the  more  8peci6c  purgative 
drugs  is  at  present  uncertain. 

Movements  of  the  Large  Intestine.— These  are  fundamentally 
the  eatne  as  thoi>e  of  the  small  intestine,  but  distinct  in  en  far  as 
the  latter  cease  at  the  ileocecal  valve,  at  which  spot  the  former 
normally  begin.  They  are  eaid,  moreover,  not  to  be  inhibited  by 
stimulation  of  the  Pplanchnics. 

Tlio  feces  in  their  passage  through  the  colon  are  lodged  in  the 
aacfuli  during  the  pauses  between  the  {)eristaUic  waves.  Arrived 
at  the  sigmoid  Hexure,  they  are  supported  by  the  bladder  and  the 
ft&crunj,  so  that  they  do  not  press  on  the  aphincter  ani. 

Defecation. — This  is  a  mixed  act,  being  superficially  the  result 
of  an  eribri  nt'  the  will,  and  yet  carried  out  by  means  of  an  in- 
voluntary mechanism.  Part  of  the  voluntary  effort  consists  in 
producing  a  pressure-effect,  by  means  of  the  abdominal  muscles. 
These  are  contracted  forcibly  as  in  expiration,  but  the  glottis 
being  closed,  and  the  e6ca|)e  of  air  from  the  lungs  prevented,  the 
whole  force  of  the  pressure  is  brought  to  bear  on  the  abdomen 
itself,  anti  so  drives  the  contents  of  the  descending  colon  onward 
into  the  rectum.  The  sigmoid  flexure  is  by  its  position  sheltered 
from  this  pressure;  a  body  intr<j<iuoed  per  annm  into  the  empty 
rectum  is  not  affected  by  even  forcible  contractions  of  the  ab- 
dominal walls. 

The  anus  is  guarde<I  by  the  sphincter  ani,  which  is  habitually 
in  a  slate  of  normal  tonic  contraction,  capable  of  l)eing  increased 
or  diminished  by  a  stimulus  applied,  either  internally  or  exler- 
ually,  to  the  anus.     The  tonic  contraction  is  in  part  at  least  due 
to  the  action  of  a  nervous  centre  situated  in  the  lumbar  spinal 
cord.     If  the  nervous  connection  of  the  sphincter  with  the  spinal 
cord  be  broken,  relaxation  takes  place.     If  the  spinal  cord  be 
divided  in  the  dorsal  region,  the  sphincter,  after  the  depressing 
effect  of  the  operation,  which  may  last  several  days,  has  passed 
off,  still  maintains  its  tonicity,  showing  that  the  centre  is  not 
placed  higher  up  than  the  lurnbar  region  of  the  cord.     The  in- 
creased or  diminished  contraction  following  on  local  stimulation 
is  probably  due  to  reflex  augraentatiou  or  inhibition  of  the  action 
of  this  centre.     The  centre  is  also  subject  to  influences  proceed- 
ing from  higher  regions  of  the  cord,  and  from  the  brain.     By 
the  action  of  the  will,  by  emotions,  or  by  other  nervous  events, 
the  lumbar  sphincter   centre   may  be  inhibited,  and  thus  the 
sphincter  itself  relaxed;  o«*  augmented,  and  ihus  the  sphincter 
tighteneti.     A  second  itcni^    thorefore,  of  the  volutitary  process  in 
defecation  is  the  inhibittor:*  o*   ^"®  lumbar  sphincter' centre,  and 
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consequent  relaxation  of  the  sphincter  muscle.  Since  the  lumbar 
centre  is  wholly  efficient  when  separated  from  the  brain,  the 
piintly&id  of  ihu  sphincter  which  occurs  in  certain  cert-bntl  dis- 
eases is  probably  due  to  inhibittoo  of  this  centre,  and  not  to 
paralysis  of  any  cerebral  centre. 

Thus,  a  voluntary  contraction  of  the  ahflnmiaal  walls,  accom- 
panied by  a  relaxation  of  the  sphincter,  niight  press  the  oonteuta 
of  the  descending  colon  into  the  rectum  and  out  of  the  anue. 
Since,  however,  as  we  hnve  seen,  the  prewure  of  the  altdominal 
walls  is  warded  olf  the  sigmoid  llexure.  such  a  mode  of  defecation 
would  always  end  in  leaving  the  sigmoid  ficxure  full.  Hence 
the  necessity  for  these  more  or  less  voluntary  acts  beiug  accom- 
panied by  an  entirely  inv(duntary  augmentation  of  the  peristaltic 
action  of  the  large  intestine  and  sigmoid  Hexure.  Or  rather,  to 
describe  matters  in  iheir  proper  order,  defecation  takes  plnce  in 
the  following  manner:  The  sigmoid  flexure  and  large  intestine 
becoming  more  and  more  full,  stronger  and  stronger  perialullic 
action  is  excited  in  their  walls.  By  this  means  the  feces  are 
driven  against  the  sphincter.  Through  a  voluntary  act.  (tr  some- 
times, at  least,  by  a  simple  reflex  action,  the  lumhar  sphincter 
centre  is  inhibited  and  the  sphincter  relaxed.  At  the  same 
time  the  contraction  of  the  abdominal  muscles  presses  firmly  on 
the  descending  colon,  and  thus  the  contents  or  the  rectum  are 
ejected. 

It  must,  however,  be  remembered  that,  while  in  appealing  to 
our  own  consciousness,  the  contraction  of  the  abdominal  walls 
and  the  relaxation  of  the  sphincter  seem  purely  voluntary  etlbrts, 
the  whole  act  of  defecation,  including  both  of  these  seemingly  so 
voluntary  components,  may  take  place  in  the  absence  of  con- 
sciousness, and,  indeed,  in  the  case  of  the  dog  at  least,  after  the 
complete  severance  of  the  Itmibar  from  the  dorsal  cord.  In  such 
cases  the  whole  act  must  be  purely  reflex,  excited  by  the  presence 
of  feces  in  the  rectum. 


Vomiting'.— In  a  conscious  individual  this  act  is  preceded  by 

feelings  of  nausea,  during  which  a  copious  flow  of  saliva  into  the 
mouth  takes  place.  This  being  swallowed,  carries  down  wiih  it 
a  certain  quantity  of  air.  the  j)resence  of  which  in  the  stoniuch, 
by  assisting  in  the  opening  of  the  cardiac  sphincter,  subsequeutly 
facilitates  the  discharge  of  the  gastric  contents.  The  nausea  is 
generally  succeeded  at  first  by  ineffectual  retching  in  which  a 
deep  inspiratory  effort  is  made,  so  that  the  diaphragm  is  thrust 
down  as  low  as  possible  against  the  stomach,  the  lower  ribs  being 
at  the  same  lime  forcibly  drawn  in  ;  since  during  this  inspiratory 
eObrt  the  glottic  is  kept  closed,  no  air  can  enter  into  the  lungs; 
but  some  is  dra\\n  into  the  pharynx,  and  thence  probably  de- 
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scenHs  by  a  swallowing  action  into  the  stomach.  In  actual 
vomiting  this  iDspinitory  effort  is  succeeded  by  a  sudden  violent 
expiratory  contraction  of  the  abdotninul  walls,  the  glottis  still 
being  closed,  so  that  the  whole  iorct  of  the  effort  is  spent,  as  in 
defecation,  in  pressure  on  the  abdominal  Cr.ntents.  The  stomach 
is  therefore  forcibly  compressed  from  without.  At  the  same 
time,  or  rnther  immediately  before  the  expiratory  effort,  by  a 
contraction  of  ilti  longitudinal  fibres  the  oesophagus  is  shortened 
and  the  cardiac  orifice  of  the  stomach  brought  close  under  the 
diaphragm,  while  apparently  by  a  contraction  of  the  fibres  which 
radiate  from  the  end  of  the  oesophagus  over  the  stomach,  the 
cardiac  orifice,  which  im  normally  closed,  is  .somewhat  suddenly 
dilated.  This  dilation  opens  a  way  for  tlie  contents  of  the 
Btouiach,  which,  pressed  u|)on  by  the  contraction  of  the  abdomen, 
and  to  a  certain  but  probably  only  to  a  slight  extent  by  the 
contraction  of  the  gastric  walls,  are  driven  forcibly  up  the 
(esophagus,  their  passage  along  that  channel  being  possibly  ba- 
si.sted  by  the  cfmtraclion  of  the  longitudinal  muscles.  The  mouth 
bt;ing  widely  open,  ami  the  nock  stretched  to  atfijrd  as  slrnight  a 
coui'se  as  possilde,  tht:  vomit  is  ejected  from  the  bmly.  At  this 
mr)ment  there  is  an  additional  expiratory  effort  which  serves  to 
prevent  the  vomit  passing  into  the  larynx.  In  moat  case^,  too, 
the  posterior  pillars  of  the  fauces  are  approximated,  in  order  to 
clo^e  the  nasal  pas.^age  against  the  ascending  stream.  This, 
however,  in  severe  vomiting  is  frequently  ineffectual. 

Thus,  in  vomiting  there  are  two  distinct  acts:  the  dilation  of 
the  cardiac  orifice  and  the  extrinsic  pressure  of  the  abdominal 
walls  in  an  expiratory  effort.  Without  the  former  the  latter, 
even  when  distressingly  vigorous,  is  ineffectual.  Without  the 
latter,  as  in  urari  jRiisoning.  the  intrinsic  movements  <»f  the 
stomach  itself  are  rarely  suffieienl  to  do  more  than  eject  gas,  and, 
it  may  l>e,  a  very  small  rjuanuty  of  fot>d  or  fluid.  Pyrosis  or 
waterhrtL^h  is  probably  brought  about  by  this  intrinsic  action  of 
the  stomach. 

During  vomiting,  the  pyJorus  is  generally  closed,  so  that  but 
little  material  escapes  into  the  duodenum.  When  the  gall- 
bladder is  full,  a  copious  flow  of  bile  into  the  duodenum  accom- 
panies the  act  of  vomiting.  Part  of  this  may  find  its  way  into 
tho  stomach,  as  in  bilious  vomiting,  the  pylorus  then  havius 
evidently  been  ufwued. 

The  nervous  mechanism  of  vomiting  is  complicated  and  in 
many  aspects  obscure.  The  efferent  impulses  which  cause  the 
expiratory  effVirt  must  come  from  the  respiratorv  centre  in  the 
meiliilla;  with  these  we  shall  deal  in  s[K'aking  of  respiration. 
The  dilation  of  the  cardiac  orifice  is  caused,  in  part  at  least,  by 
reffert^ut  impulses  descending  the  vagi,  since  when  these  are  cut 
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real  vomiting  with  didchetrge  of  the  gastric  coDtents  is  diiHcult, 
throu|j:h  want  of  reatliness  in  the  dilatioo.  The  sympalhcHic 
abdominal  nerves  coming  I'roni  the  ca^liac  ganglia  and  the8]>fant'h- 
uic  nerves  seem  lo  have  no  share  in  the  mailer.  The  etTcrent 
iruinilBCs  which  clause  the  How  of  saliva  in  the  introductory  naueea 
descend  the  facial  along  the  chorda  tynipani  branch.  These 
various  impulses  may  best  be  considered  as  starting  from  a 
vomiting  centre  in  the  medulla,  having  chtHie  relations  with  the 
respiratory  centre.  This  centre  may  be  excited,  may  be  thrown 
into  action,  iu  a  reflex  manner,  by  stimuli  nj)plied  to  peripheral 
nerves,  as  when  vomiting  is  induced  by  tickling  the  fauces,  or 
by  irritation  of  the  gastric  mtimbrane,  or  by  obstruction  due  to 
ligature,  hernia,  etc,  of  the  intestine.  That  the  vomiting  iu  the 
last  instance  is  due  to  nervous  action,  and  not  tu  any  regnrgiiution 
of  the  intestinal  contents,  is  shown  by  the  fact  that  it  will  take 
place  when  the  intestine  is  [perfectly  empty  and  may  be  prevented 
by  section  of  the  mesenteric  nerves.  'Ihe  vomiting  attending 
renal  and  biliary  calculi  is  apparently  also  retlex  in  origin.  The 
centre  however  may  be  aflecled  directly,  an  probably  in  the  rases 
of  some  poisons,  and  iu  some  instances  of  vomiting  from  disease 
of  the  medulla  oblongata.  Lastly,  it  may  be  thrown  into  action 
by  impulses  reaching  it  from  parts  of  the  brain  higher  up  than 
itself,  as  in  cases  of  vomiting,  produced  by  smells,  tastes,  and 
emotions,  and  by  the  memory  of  past  occasions,  and  in  some  cases 
of  vomiting  due  to  cerebral  disease. 

Many  emetics,  such  as  tartar  emetic,  appear  lt>  art  directly  on 
the  centre,  since,  introduced  into  the  blooiJ,  they  will  produce 
vomiting  even  when  a  bladder  is  substituted  for  thu  stuiuach. 
Others  again,  such  as  mustard  and  WHter,  act  in  a  reliex  manner 
by  irritation  of  the  gastric  mucous  nientbrane.  Willi  others, 
again,  which  cause  vomiting  by  developing  a  nauseous  taste,  the 
reflex  action  involves  parts  of  the  brain  higher  than  the  centre 
itself. 

8ec.  4. — Thk  Chax(»E8  Wnirn  thk  Food  UNpERnoEH  in 

THK    Al.IMKNTAUV    f'ANAl.. 

Having  studied  the  properties  of  the  digestive  juices,  and  the 
various  mechanisms  by  means  of  which  the  food  is  brought  under 
their  influence,  wc  have  now  to  consider  what,  aa  matters  of  fact, 
are  the  actual  changes  which  the  fond  does  undergo  in  paasiDg 
along  the  alimentary  canal,  what  are  the  steps  by  which  the  food 
ia  converted  into  feces. 


In  the  mouth  the  presence  of  the  food,  assisted  by  the  move- 
ments \)i  the  jaWf  causes,  as  we  have  seen^  a  flow  of  saliva.     By 

SO* 
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mastication,  and  by  the  addition  of  mucous  saliva,  the  food  is 
broken  into  small  pieces,  moisteued,  an<l  gathered  into  a  con- 
venient bolus  for  deglulili<>n.  hi  man  some  of  the  starch  is,  even 
liuring  the  short  stay  of  the  food  in  the  mouth,  couverled  into 
sugar  ;  for  if  boiled  starch  free  from  stigar  be  even  momentarily 
held  in  the  mouth,  ami  iheu  ejected  into  water  i  kept  boiling  to 
destroy  the  Ibrnient),  it  will  be  found  to  contain  a  decided  amount 
of  sugar.  In  ntany  animals  no  such  change  takes  plac«.  The 
visciii  saliva  of  the  dog  serves  almost  si)lely  to  assist  iu  deglutition  ; 
an«i  even  the  longer  stay  which  food  makes  in  the  mouth  of  the 
horse  is  insufficient  to  produce  auy  rnarked  couversion  of  the 
starch  it  may  contain.  During  the  rapid  transit  through  the 
GBSophagas  no  appreciable  change  takes  place. 

In  the  stomach,  the  arrival  of  the  food,  the  renction  of  which 
is  cither  oaturally  alkaline,  or  is  made  alkaline,  or  at  least  ia 
re<hiced  in  acidity,  by  the  addition  of  saliva,  causes  a  flow  of 
gustric  juice.  This,  already  commencing  while  the  fowl  is  hh  yet 
in  the  mouth,  increases  as  the  food  accuniulateH  in  the  stomach, 
and  as.  by  the  churning  gastric  movements,  unchanged  particles 
are  continually  being  brought  into  contact  with  the  mucous 
membrane.  Moreover,  the  absorption  of  ihe  earlier  digested 
portions  gives  rise  to  a  further  increase  of  secretion,  and  espe- 
cially of  pepsin.  The  percentage  of  pepsin  in  the  gastric  juice 
[in  the  dogi  varies  considerably,  actually  sinking  during  the 
earlier  stages,  but  rising  rapidly  afterwards,  and  attaining  a 
maximum  at  about  the  fourth  or  HfLh  hour.  The  secretion  of 
acid  appears  to  continue  at  a  fairly  constant  rate  ;  and  conse- 
quently, unless  neutralized  by  fresh  alkaline  f(KKi,  the  reactiou 
of  the  gastric  contents  becomes  more  and  more  distinctly  acid  as 
digestion  proceeds.  It  would  appear  that  in  man,  sr>metime8  at 
least,  the  coutenta  of  the  stomach  do  not  at  hrat  contain  auy  free 
acid,  and  during  this  peri^xl  the  conversion  of  starch  into  sugar 
can  still  go  on.  When  the  contents  be«)me  acid,  the  conversion 
is  arrested,  and  indeed  the  amvlolytic  ferment  probaldy  de- 
stroved.  The  fal.-*  themselves  probably  remain  in  great  measure 
unchanged  ;  though  it  would  appear  that  in  the  dog  at  least  a 
certain  amount  of  fat  can  be  digested — that  is,  eroulsionized,  or 
even  partly  .split  up  into  fatty  acids,  by  the  action  of  the  gastric 
juice,  and  absorbed.  Moreover,  even  in  man,  through  the  con- 
version of  proteids  into  peptone,  not  only  are  the  more  distinctly 
proteid  articles  of  ftKxl,  such  as  meat,  broken  up  and  disat^lved. 
bat  the  proteid  framcwnrk,  in  which  the  starch  and  fats  are  fre- 
*»'Kidetl,  is  loosened,  the  starch-granules  are  set  free, 
filtod  for  the  most  part  by  the  heat  of  the  stomach, 
tor  iu  largo  drops,  Hhich.  in  tui-n  are  more  or 
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leaa  apt  to  be  broken  up  into  an  imperfect  emulsion.  The  col- 
lagenous tisHues  are  diaHolved  ;  and  henre  the  DHturnI  bundleg  ot 
meat  and  vegetablea  tall  utjuniler;  the  luusrular  Hhre  splits  up 
into  (liskH,  and  the  protoplasm  i»  dissolved  from  the  vegetable 
cells.  Milk  is  at  once  curdled  by  the  rennet  ferment,  and  the 
clotted  casein  subi-equently  dissolved.  8ince  peptone  and  the 
other  products  of  arlificial  digestion  with  gastric  juice  have  been 
found  in  the  contents  of  the  stomach,  we  have  every  reas<m  to 
believe  that,  natural  diget^tion  in  the  stomach  agrees  with  the 
results  of  laboratory  exi>eriments  described  in  a  previous  section. 
While  these  changes  are  |)roceeding,  the  thick,  turbid,  grayish 
liquid  or  chyme,  formed  by  the  imperfeotly  dissolved  food,  is, 
from  time  to  time,  ejected  through  the  pylorus,  accompanied  by 
even  large  morsels  of  solid  less-digested  matter.  This  may  occur 
within  a  few  minutes  of  food  having  been  taken;  but  larger 
eiicape  from  the  Htomarh  probably  does  not,  in  man,  begin  till 
from  one  to  two,  and  lasts  from  four  to  five  hours,  after  the  meal, 
becoming  more  rapid  towards  the  eud,  and  such  pieces  as  most 
resist  the  gastric  juice  being  the  last  to  leave  the  stomach. 

The  time  taken  up  in  gastric  digestion  probably  varies  not 
only  with  diftert»nt  article?  of  f(M>d,  but  also  with  varying  condi- 
tions of  the  stomach  and  of  the  body  at  large.  In  different  aui- 
mals,  it  varies  very  considerably,  being  from  twelve  to  twenty- 
four  hours  in  the  dog,  while  tne  stomachs  of  rabbits  are  never 
empty,  but  always  remain  largely  filled  with  food. 

In  a  dog  fed  on  an  exclusively  meat  diet,  nearly  tlie  whole  of 
the  digestion  is  carried  out  by  the  stomach,  very  little  work 
apparently  being  left  for  the  intestines.  In  man,  esiKicially  on 
a  mixed  diet,  the  case  in  all  probability  is  different,  a  consider- 
able portion  of  the  proteids,  as  well  as  the  greater  part  of  the 
fats  and  carbohydrates,  passing  but  little  changed  tlirough  the 
pylorus.  But  <iur  information  on  this  matter  is  imperfect,  l>eing 
chiefly  drawn  from  the  study  of  cases  of  gastric  or  duodenal 
fistula,  in  which,  probably,  the  order  of  things  is  not  normal,  or 
being  in  large  meflsure  deductions  from  experiments  on  dogs, 
whose  economy  in  this  respect  must  be  largely  diflerent  fmm  our 
own. 

In  the  presence  of  healthy  gastric  juice,  and  in  the  absence  of 
any  nervous  interference,  the  question  of  the  digestibility  of  any 
food  is  determined  chiefly  by  me<^hanical  conditions.  The  more 
finely  divided  the  material,  and  the  less  the  proteid  constituents 
are  sheltered  by  not  easily  soluble  envelopes,  such  as  those  of 
cellulose,  the  more  rapid  the  solution.  So,  also,  pieces  of  hard- 
boiled  egg,  which  have  to  be  gradually  dissolved  from  the  out- 
side, are  less  easily  digested  than  the  more  friable  muscular  fibre, 
Ui6  repeated  transverse  cleavage  of  which  iucreasea  the  surface 
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exposed  to  the  juice.      Uuboiled   white  of  egg,  again,  unless 

thoroughly  beuteu  up  atiJ  mixed  with  air»  is  less  digetslible  than 
the  same  boiled.  The  unboiled  while  forms  a  viHcid  clotted 
mass,  oi*  low  ditrusibUiLy,  ialo  which  the  juice  permeates  with 
the  greatest  diflicully.  And  so  with  the  other  indiauces.  Beyond 
this  mechanical  aspect  of  digestibility,  it  is  to  be  remembered 
that  ditlbreut  substances  may  ditferenily  aHect  the  gastric  mem- 
brane, promoting  or  checking  the  secretion  of  the  juice.  Hence, 
a  substance,  the  mass  of  which  is  readily  dissolved  by  gastric 
juice,  aud  wfiich  offers  no  mechauical  obstacles  to  digestion,  may 
yet  prove  indigestiltle  by  so  affecting  the  gastric  membrane 
ihroujih  fiiime  spt^cial  conrtiituent  (or  poaeibiy  in  other  ways)  as 
lo  inhibit  the  secrctiun  of  the  juice. 

That  subHtancea  cuii  be  absorbed  from  the  cavity  of  the 
stomach  iuto  the  circulation  ia  proved  by  the  fact  that  io«xl  when 
intrmiuced  disapjjears  very  largely  from  the  stomach  of  an 
auinml,  the  pylorus  of  which  has  been  ligatured.  But  we  can- 
not speak  with  certainty  as  to  what  extent  in  ordinary  life  gastric 
absorption  takc8  place,  or  by  what  mechanism  it  is  carried  out. 
The  prcsumpiiou  ii$,  that  peptone  aud  the  ditfu^^ible  sugars  pass 
by  oani(»aia  direct  into  the  canillarieH.  Had  so  into  the  gaatric 
veins.  In  a  dog  fed  on  meat,  the  quantity  of  peptone  present  at 
any  one  time  in  the  stomach  baa  been  found  fairly  constant. 
From  this,  it.  may  fairly  be  inferred  that  the  peptone  is  absorbed 
in  proportiim  as  it  is  formed. 

In  the  act  of  swallowing,  no  inconsiderable  quantity  of  air  is 
carried  down  into  the  stomach,  entangled  in  the  saliva,  or  in  the 
food.  This  is  returned  in  eructations.  When  the  gas  of  eructa- 
tion or  that  (fbtained  (Jirectly  from  the  stomach  is  examined,  it 
is  found  to  consist  chiefly  of  nitrogen  aud  carbonic  acid,  the 
oxygen  of  the  atmos[)heric  air  having  been  largely  absorbed. 
In  most  cases  the  carbonic  acid  is  derived  by  simple  ditfusiou 
from  tlie  blood,  or  from  the  tissues  of  the  stomach,  which  simi- 
larly take  up  the  oxygen.  In  many  caaes  of  flatulency,  how- 
ever, it  may  arise  from  a  fermentative  decomposition  of  the  sugar 
which  has  been  taken  as  such  in  food, or  which  has  been  produced 
from  the  starch,  the  gas  being  either  formed  in  the  stomach  or 
passing  upwards  from  the  intej*tine  through  the  pylorus. 

The  enormous  quantity  of  gas  which  is  discharged  through 
the  mouth  in  cases  of  hysterical  flatulency,  i-ven  on  a  perfectly 
empty  stomach,  and  which  seems  to  consist  largely  of  carb<mic 
acid,  presents  difHculties  in  the  way  of  explanation  ;  it  is  possible 
that  it  may  be  simply  ditTused  from  the  blood. 

In  the  small  intestine,  the  semi-digested  acid  fond,  or  chyme, 
as  it  passes  over  the  biliary  orifice,  causes  gushes  of  bile,  and  at 
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the  same  time,  as  we  have  seen  (p.  325),  the  pancreatic  juice, 
which  flnwe»l  fre*?])'  into  the  intestine  at  the  tHkinjy  nC  the  meal, 
is  secreteil  again  with  renewed  vigor,  wlien  the  giwtric  tJigestion 
is  ctimpleteii.  These  two  nlkuiine  fluids  tetul  to  tieutralizc  the 
acidity  of  the  cliyine,  hut  (lie  contents  of  the  duodenum  do  not 
become  distinctly  alkaline  until  aome  distance  fpom  the  pylorus 
is  reached.  Even  in  the  K>wer  part  of  the  ileum  the  chyme 
may  be  acid;  possibly,  howevtjr,  in  such  casen  it  has  been  reaeidi- 
fied  in  c<inse<juence  rif  acid  fermentations  taking  place  in  the 
luteHtinal  content!*.  The  reaction  of  these  cuntcuts  appears  to 
vary,  in  fact,  according  to  tlie  nature  of  (he  fiiod,  the  changes 
which  it  undergoes,  and  i*tlier  circumstances.  Moreover,  it  is 
probahly  not  the  Bame  in  all  unimalH.  In  a  dog  fed  on  starch 
and  fat,  the  contents  of  the  intestine  may  remain  acid  throughout. 

The  conversion  of  starch  into  sugar,  which,  as  we  have  seen, 
is  probably  arrestee]  in  the  stomach,  is  resumed  with  great  ac* 
tivily  and  indeed  completed  by  the  pancreatic  juice,  possibly 
assisted  by  the  succus  entericus;  portions,  liow*ever,  of  still  undi- 
gested starch  may  be  found  in  the  targe  intestine  and  even  at 
times  in  the  feces. 

The  pancreatic  juice,  as  we  have  seen,  emulsifies  fats,  and  also 
splits  them  into  their  respective  fatty  acids  and  glycerine.  The 
fatty  acids  thus  set  i\ee  become  converted  by  means  of  the  alka- 
line contents  of  the  intetJtine  into  soaps,  but  to  what  extent  saponi- 
fication thus  takes  place  is  not  exactly  known.  Undoubtedly 
soaps  have  to  a  small  extent  been  found  both  in  porUil  blo.itl  nud 
in  the  thoracic  duct  after  a  meal,  but  there  is  no  pnxtf  that  any 
large  quantity  of  fnt  is  inlri>iluced  in  this  form  into  the  cirruhi- 
tion.  On  tiie  other  hand,  tlie  presence  of  neutral  fat8,  both  in 
portal  blood,  and  especially  in  the  lacteals,  is  a  conspicnous  re- 
sult of  the  digestion  of  fatty  matters,  and  in  all  probability 
saponificalion  in  the  intestine  is  a  subsidiary  process,  intended 
rather  to  facilitate  the  emulsion  of  neutral  fats  than  tn  introduce 
soaps  as  such  into  the  blw>d.  For  the  presence  of  soluble  soaps 
favors  the  emulsion  of  neutral  fats.  Thus  a  rancid  fat — i.  e.,  a 
fat  containing  a  certain  amount  of  frt=e  fatty  acid,  forms  an 
emulsion  with  an  alkaline  fluid  more  readily  than  does  a  neutral 
fat.  A  drop  of  rancid  oil  let  fall  on  the  surface  of  an  alkaline 
fluid,  audi  as  a  solution  of  sodium  carbonate  of  suitable  strength, 
rapidly  forms  a  broad  ring  of  emulsion,  and  that  even  without 
the  least  agitation.  A^  saponiticatit>n  takes  place  at  the  junction 
of  the  oil  and  alkaline  fluid  currents  are  set  up.  by  which  globules 
of  oil  are  detached  from  ihe  main  drop  and  driven  out  in  a  cen- 
trifugal direction.  The  intensity  of  the  currents  and  the  conse- 
quent amount  of  emuUion  depend  on  the  concentration  of  the 
alkaline  medium  and  on  the  solubility  of  the  soaps  which  are 
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formed;  hence  some  fata*  such  aa  cod-liver  oil«  are  much  more 
easily  emulsionized  in  this  way  than  others.  N(»w,  the  bile  and 
pancreatic  juice  supply  just  such  conditions  aa  the  above  for 
emuisioni^ing  i'nis;  they  both  together  atlUrd  an  alkaline  me- 
dium, the  pancreatic  juice  gives  rise  to  an  adecjuate  amount 
of  free  fatty  acid,  and  the  bile  in  addition  brings  into  solution 
the  soaps  as  they  are  formed.  So  that  Ave  may  speak  of  the 
'emulsion  of  fats  in  the  small  intestine  as  being  carried  on  by 
the  bile  and  pancreatic  juice  acting  in  coujuncliou.  and  as  a 
matter  of  fact  the  bile  and  [mncrealic  juice  do  largely  emulsify 
the  contents  of  the  small  intestine,  &o  that  the  grayish  turbid 
chyme  ia  changed  into  a  creamy  looking  tluid,  which  has  been 
8ometimt»a  culled  chyle.  Ifis  advisable,  however,  to  reserve 
this  name  for  the  cnnlcnta  of  the  lactcals. 

Thifl  mutual  help  of  bile  and  pancreatic  juice  in  producing  an 
emulsion,  explains  to  a  certain  extent  the  controversy  which  long 
existed  between  those  who  maintained  that  the  bile  and  those 
who  maintained  tliat  the  pancreatic  juice  was  necessary  for  the 
digestion  and  absorption  of  fatty  food.  That  the  pancreatic 
juice  does  produce  in  the  intestine  such  a  change  as  favors  the 
tranference  of  neutral  fats  from  the  intestine  into  the  lacteals, 
is  shown  by  the  fact  that  in  diseases  atiecting  the  pancreas,  much 
fatty  food  frequently  passes  through  the  intestine  undigested, 
and  great  wiu'<ting  ensues;  but  it  cannot  be  maintained  that  the 
pancreatic  juice  is  the  sole  agent  in  this  matter,  since  in  animals 
in  which  the  pancreatic  ducts  have  been  successfully  ligatured 
chyle  is  still  foun<l  in  the  lacteals.  On  the  other  hand,  that  the 
bile  is  of  use  in  the  digestion  of  fat  is  shown  by  the  |)revaleucc 
of  fatly  stools  in  cases  of  obstruction  of  the  bile-ducts,  and  though 
the  operation  of  ligaturing  the  bile-ducts,  an<1  leailing  alt  the 
bile  externally  through  u  fistula  of  tla*  galJ-bladdfr,  is  open  to 
objection,  since  it  so  exhausts  the  animal  as  indirectly  to  afiTect 
digestion,  still  the  results  of  Bid<ler  and  Schmidt,  in  which  the 
resorption  of  fat  was  distinctly  lessened  (the  quantity  of  fat  in 
the  lacteals  falling  from  8.2  to  0.U2  per  cent.)  by  the  ligature  and 
Bstula,  obviously  point  to  the  same  conclusion.  That  in  man 
the  succus  entericua  possesses  a  wholly  insufficient  emulsifying 
power  is  shown  by  the  observation  of  Busch,  in  the  case  where 
the  du'xlenum  o[>ened  on  the  surface  by  a  fistula  in  such  a  way 
that  the  lower  part  of  the  intestine  could  be  kept  free  from  the 
DODtenU  of  the  upjwr  part  containing  the  bile  and  pancreatic 
juice  and  matters  proceetiiug  from  the  stomach.  Fats  introduced 
into  the  lower  part,  where  they  could  not  be  acted  upon  either 
by  the  bile  or  by  the  pancreatic  juice,  were  but  slightly  digcste*!. 
Without  denying  the  jiossible  auistancc  of  the  succus  cntcricus, 
or  even  of  gastric  juice,  we  may  conclude  that  the  digestion  of 
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fat  is  iu  the  maio  carried  out  by  the  conjoint  action  of  bile  and 
pancreatic  juice. 

We  have  seen  that  the  arldition  of  bile  to  a  digesting  mixture 
gives  rise  to  a  precipitate  conftisting  of  pnrnpcptorie,  an<l  bile 
b&Ua  with  pome  (»epsin,  but  that  on  the  further  addition  of  bile 
this  precipitate  is  redissolvcd.  In  the  upper  partof  the  duodenum 
the  inner  surface,  if  examined  wliile  digestion  is  going  on,  is  found 
to  be  lined  by  a  colored  granular  material,  which  is  probably  a 
precipitate  thus  formed;  but  the  purpose  of  its  formation  does 
not  seem  clear.  It  is  more  important  to  remember  that  not  only 
is  bile  unlagonislic  to  peptic  digestion,  but  apparently  pepsin  la 
destroyed  by  trypsin  in  an  alkaline  medium,  so  that  with  the  flow 
of  bile  and  pancreatic  juice  into  the  duodenum  the  processes 
which  have  been  going  on  in  the  stnmach  come  to  an  end.  In 
fact  it  wouhi  seem  that  the  juices  of  the  various  districts  of  the 
alimentary  canal  are  mutually  destructive  ;  thus,  while  |>epsin  in 
an  Hcid  solution  destroys  the  active  constituents  of  saliva,  and  of 
pancreatic  juice  (pn)hably  also  those  of  the  succus  entericus),  it 
is  in  itd  turn  antagonized  or  destroyed  by  the  bile  and  the  other 
alkaline  juices  of  the  intestine.  Hence  pancreatic  juice  intro- 
duced through  the  mouth  must  lose  ita  powers  in  the  stomach  and 
can  only  be  of  use  as  an  alkaline  medium  containing  certain 
nrntcid  matters.  On  the  other  hand  if,  as  we  have  reason  to 
nclieve,  thecfintents  of  the  stomach  as  they  issue  from  the  pylorus 
stitl  contain  a  large  quantity  of  undigested  protcids,  these  must 
be  dige8te<l  by  the  pancreatic  juice  (with  or  without  the  assistance 
of  the  succus  entericus),  the  action  of  which  seems  to  be  assisted 
or  at  least  not  hindered  by  bile.  To  what  stage  the  pancreatic 
digestion  is  carried,  whether  peptone  is  chiefly  formed,  and  when 
formed  at  once  ahsurlHwl,  or  whether  the  pancreatic  juice  in  the 
body,  as  out  of  the  body,  carries  on  its  work  in  the  more  destructive 
form,  whereby  the  [)roteid  material  subjected  to  it  is  broken  down 
largely  into  leuciu  and  tyrosin,  is  at  present  not  exactly  known. 
Leucin  and  tyrosin  have  been  found  in  the  intestinal  couieuU, 
and  may  therefore  l>e  formed  during  normal  digestion,  hut 
whether  a  large  quantity  or  a  small  quantity  of  the  proteid 
material  of  food  ia  thus  hurried  into  n  cryi^talline  form  cannot  be 
definitely  stated.  The  extent  to  which  the  action  is  carried  is 
probably  diflerent  in  difierent  animals,  and  varies  ftleo  according 
to  the  nature  of  the  meal  and  the  condition  of  the  body.  Possibly 
when  a  large  and  unnecessary  quantity  of  proteid  material  is 
taken  at  a  meal  together  with  other  substances,  no  inconsiderable 
amount  of  the  proleids  undergo  this  profound  change,  and,  as  we 
shall  see,  rapidly  leave  the  body  as  urea,  without  haviug  been 
used  by  the  tissues,  their  contributiou  to  the  energy  of  the  body 
being  limited  to  the  heat  given  out  during  their  formation.     To 
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this  apparently  wasteful  use  of  proteiils  we  shall  ruturn  io  speak- 
ing of  what  is  called  the  "  luxus  consumption  "  of  food. 

Possibly  also,  in  the  intestines  as  in  the  laboralory,  this 
pauLTcatic  digestion  of  proteids  in  excess  is  accompanied  by  A 
considerable  development  of  bacteria  and  other  organized  bodies, 
which  create  trouble  by  inducing  fertnenlative  changes  in  the 
accomjianying  saccharine  constituents  of  the  chyme.  That  fer- 
mentative changes  may  occur  in  the  small  intestine  is  indicative 
by  the  facts  that  the  gas  present  there  may  contain  free  hydrugen, 
and  that  chyme  after  removal  from  the  intestine  continues  at  the 
tera|>erature  of  the  body  to  produce  carbonic  acid  and  hydrogen 
in  equal  vidiimC'S.  This  suggests  the  p<»8sibility  of  the  sugar  of 
the  intestinal  contents  uudtrgoing  the  butyric  acid  fermentution 
(during  which,  as  is  well  known,  carbonic  anhydride  and  hyilrogeu 
are  evolved)  and  thus,  so  to  speak,  put  on  its  way  to  become  fat; 
and  we  shall  see  hereafter  that  sugar  is  somewhere  in  the  btnly 
converted  into  fat.  Moreover  it  is  probable  that  by  other  fer- 
mentative changes  a  considerable  quantity  of  sugar  is  converle<l 
into  lactic  acid,  since  this  acid  is  found  in  increasing  quantities 
as  the  food  descends  the  intestine. 

Thus  during  its  transit  through  the  small  iDtestine  by  the 
action  uf  tlio  bile  and  pancreatic  juice,  assisted  possibly  to  some 
extent  by  the  succus  entericus,  the  proteids  are  largely  dic^sulved 
and  converted  into  peptone  and  other  products,  the  starch  is 
changed  into  sugar,  the  sugar  possibly  being  in  part  further  con- 
verted into  lactic  acid,  and  the  fats  are  largely  cnmlsiHed,  and 
to  some  extent  saponified.  These  products,  as  they  are  formed, 
paaii  into  either  the  lactealaor  the  portal  blotHlvessels,  so  that  the 
contents  uf  the  small  intestine,  by  the  time  they  reacli  the  ileo- 
caical  valve,  are  largely  but  by  no  means  wliolly  deprived  of 
their  nutriliiius  constituents.  As  far  aa  water  is  concerned,  the 
secretion  into  the  small  intestine  is  about  equal  to  the  absorp- 
tion from  it,  so  that  the  intestinal  contents  at  the  end  of  the 
ileum,  though  mudi  more  broken  up,  are  about  as  iluid  as  in  the 
duodenum. 


In  the  large  tntestine  the  contents  become  once  more  distinctly 
acid.  This,  Imwover,  is  not  caused  by  any  acid  secretion  from 
the  mucous  membrane;  the  reaction  of  the  intestinal  walls  io 
the  large  as  in  the  small  intestine  is  alkaline.  It  must,  there- 
fore, arise  from  acid  fermentations  going  on  in  the  contents 
themselves;  and  that  fermentations  do  go  on  is  shown  by  the 
appearance  of  marsh  giis  as  well  as  hydrogen  in  this  pf>rlion  of 
the  alimentary  canal.  The  character  and  amount  of  fermenta- 
tion probably  de{)end  largely  on  the  nature  of  the  food  and 
probably  at6o  vary  in  diiferent  animals. 
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Of  the  particular  chnnv^ca  which  take  plnc^e  in  the  large 
ioteBtine,  we  have  no  defieiite  knowledge;  but  it  is  exceediugTy 
probable  that  in  the  vulutniuous  oo'cum  of  the  herbivora,  a  large 
ainuunt  of  digestion  of  a  peculiar  kind  goes  on.  We  know  that 
in  herbivorR  a  coosiderable  (quantity  of  celluloee  disappears  in 
passing  through  the  alimentary  canal,  and  even  in  man  some  is 
probably  digested.  It  seems  probable  that  this  celluKiee  diges- 
tion is  carried  on  in  the  large  intestine,  though  we  know  nothing 
of  the  nature  of  the  agency  by  which  it  is  etfected,  and  possibly 
the  conversion  may  take  place  elwiwhcre  as  well;  indeed,  recent 
evidence  goes  to  show  that  iu  nimlnantB  the  change  takes  place 
in  part  in  the  stouiaeh,  and  that  it  is  eH'ecled  l>y  the  saliva. 
The  other  digestive  changes  are  probably  of  a  fermentative  kind. 

Be  this  as  it  may,  whelhcr  digestioa.  properly  so  called,  is  all 
but  complete  at  the  ilethciecal  valve,  or  whether  important 
changes  still  await  the  chyme  in  the  large  intestine,  one  great 
characteristic  of  the  work  done  iu  the  colon  is  absorption.  By 
the  abstraction  of  all  the  soluble  constituenti=i,  and  especially  by 
the  withdrawal  of  water,  the  liquid  chyme  becomes,  as  it  ap- 
pnjachea  the  rectum,  cimvcrted  into  the  iirm  solid  feces,  and  the 
color  shirts  from  the  bright  orange,  which  the  gray  chyme 
grudunliy  as&umes  ailer  admixture  with  bile,  into  a  darker  and 
dirtier  brown. 


In  the  feces  there  are  found,  in  the  first  place,  the  indigestible 
and  undigested  constituents  of  the  meal:  shreds  of  elastic  tissue, 
hairs  and  other  corneous  elements,  much  celluloHeand  chlorophyll 
from  vegetable,  and  wime  connective  tissue  from  animal  food, 
fragments  of  disintegnited  muscular  Hbre,  fat-cells,  and  not  un- 
frequently  undigeste<l  starch-corpuscles.  The  amount  of  each 
must,  of  course,  vary  very  largely,  according  to  the  nature  of 
the  food,  and  the  digestive  powers,  temporary  or  permanent,  of 
the  individual.  In  the  second  place,  to  these  must  be  added 
substances,  not  iutrnduced  as  food,  but  arising  as  part  of,  or  as 
products  of,  the  digestive  secretions.  The  feces  contain  a  ferment 
similar  to  pe|)sin,  and  an  umylolytic  ferment  similar  to  that  of 
saliva  or  pancreatic  juice.  They  also  contain  mucus  in  variable 
amount,  sometimes  albumin,  choleeterin,  butyric,  and  other  fatty 
acids,  lime  and  magnesia  soaps,  cjcretin  (a  non-nitrogenous  crys- 
talline b(Mly,  containing  sulphur,  obtained  by  Marcet),  coloring 
matters,  and  salts,  especially  those  of  magnesia.  Oholalic  acid 
(and  dyslvsiu)  are  fuund  iu  very  small  quantities  only,  thus  in- 
dicating tliat  the  bile  saltji  have  been,  in  part  at  least,  destroyed 
(they  may  have  been  in  part  reabsorbed,  see  p.  542),  the  less 
stable  taurocholic  acid  [of  the  dog)  disappearing  mort^  readily 
than  the  glycocholic  acid  (of  the  cow).    The  fact  that  the  feces 

SI 
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become  *'  clay-colored  "  wben  Ihe  bile  ib  cut  off  from  tbe  intestiDe 
Bbows  tbnt  tlic  bile-pigment  is  at  leant  the  mnther  of  the  t'ecal 
piemeot;  and  a  special  pigment,  which  has  l>eeD  isolated  and 
called  Btercohilin,  is  said  to  be  identical  with  the  substance  called 
urobilin,  which  may  be  formed  from  bilirubin.'  We  have  al- 
ready seen  that  during  arLiticial  pancreatic-  digestion,  a  distiurlly 
fecal  odor  due  to  the  presence  of  indol  is  generated;  ami  the 
fact  that  the  presence  of  bacteria,  or  other  similar  orgauie^nis,  is 
essential  to  the  production  of  this  body,  does  not  preclude  the 
possibility  of  it  (or  of  the  allied  body  skatol^  having  an  evil  fecal 
odor,  formed  after  prolonge<l  putrefartion  of  the  pancreas  and 
predentin  human  excrement)  being  the  chief  cause  of  the  natural 
o«lor  of  feces,  for  undoubtedly  bacteria  may  exist  throughout  the 
whole  length  of  the  intestinal  cnnal.  At  the  same  time  it  is 
quite  possible  that  B]>ecitic  odoriferous  substances  may  be  secreted 
directly  from  the  intestinal  wall,  especially  from  that  of  tbe  large 
intestine. 


Sec,  5. — ABsoRprtoK  of  the  Products  of  Dnii!>(TioN. 


We  have  seen  that  absorption  does,  or  at  least  may,  take  place 
from  the  stomach,  We  have  ulso8tate<l  that  u  large  absorption, 
especially  of  water,  occurs  along  the  whole  large  intestine.  We 
may  add  that  absorption  from  the  large  intestine  after  injection 
per  anum  or  through  a  fistula  has  been  observed  not  only  in  the 
case  of  soluble  peptone  and  t«iigar,  but  also  in  that  of  starch, 
white  of  egg,  and  casein,  though  the  exact  changes  undergone 
by  the  latter  previous  to  absorption  are  as  yet  unknown. 

Nevertheless  the  largest  and  most  important  part  of  the  di» 
gested  material  passes  away  from  the  canal,  during  the  transit  of 
food  along  the  small  or  large  intestine,  partly  into  the  larteals, 
partly  into  the  j>ortal  vessels.  The  portal  vessels  are  simply 
parts  of  the  general  vascular  system,  but  the  lacteal^,  into  which 
we  may  at  once  say  the  greater  part  of  the  fat  passee,  need  special 
attention. 

The  lApnphatlcA.  ^ 

Characters  of  Chyle.^In  a  fasting  animal  the  contents  of  the 
thoracic  duct  are  clear  and  transparent ;  shortly  after  a  meal 
they  become  milky  nnd  opaque,  the  change  being  entirely  due  to 
a  difference  in  the  quality  and  quantity  uf  the  fluid  brought  to 
tbe  duct  by  the  lactenls,  that  Huiil  alno  being,  as  seen  by  inspec- 
tion of  the  mesentery,  transparent  during  fasting,  and  becoroiiig 

'  S««  Appemltx. 
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milky  Bud  opaque  after  a  meal,  especially  after  one  oontaiaing 
ranch  fat.  The  c«nienw  of  the  thoracio  duct,  therefivre,  after  a 
meal  may  be  takeu  as  illui*trutive  of  lh«  nature  of  the  chyle 
present  in  the  laotcalp,  chough  strictly  speaking  the  chyle  of  the 
thoracic  duct  is  mixed  with  lympb  coming  from  the  ioteatines 
and  from  the  rest  of  the  body.  During  fiu^ting  the  coiitenta  of 
the  hicteals  agree  in  their  general  character  with  lymph  obtained 
from  other  structures. 

The  contont*  of  the  th<»raoic  duct  may  be  obtained  by  laying  bare  the 
junctKiD  ut  the  sultclavmn  nnd  jugular  veins  nnd  intiodiicing  n  cuniiU 
inU.)  the*  duct  m  il  Hnippi  into  the  vimious  evstem  at  ibal  point.  The 
oj-KTiitiiiin  is  not  unattendctl  with  difficulHes. 

Chyle  obtainetl  from  the  thoracic  dnct,  after  a  meal,  is  a  white 
milky-looking  fluid,  \<*hich  after  its  escape  coagulates,  forming  a 
not  very  firm  clot.  The  nature  of  the  cuapulaiion  seems  lf>  be 
exactly  the  same  as  that  of  blood.  The  surface  of  the  clot  after 
exposure  to  air  becomes  pink,  even  though  no  blood  be  artitici- 
ally  mixed  with  the  chyh'  during  the  o{>eratioD ;  the  color  is  due 
to  immature  red  oorputicles  proper  to  the  chyle.  Examined 
microscopically,  the  coagulated  chyle  consists  of  fibrin,  a  large 
number  of  white  corpuscle*?,  a  email  number  of  developing  red 
corpuscles,  an  abundance  of  oil-globules  of  various  sizes  hut  all 
small,  and  a  quantity  of  fatty  granules,  too  minute  to  be  recog- 
nized under  the  microscope  as  fatty  in  nature,  forming  the  so- 
called  "  molecular  basis."  Kach  nil-globule  ia  invested  with  an 
albuminous  euveloi>e;  this  may  be  dissolved  hy  the  aid  uf  alkulie*, 
whereupon  the  globules  run  together.  The  tiHrin  and  white  cor- 
pusclcp  are  very  scanty  (and  the  re<J  corpuscles  entirely  absent t 
in  lymph  or  chyle  taken  from  peripheral  veftsela;  but  they  in- 
crease in  quantity  as  the  lymph  pa£8e49  through  the  lymphatic 
glands. 

The  composition  of  chyle  varies  considerably  not  only  in  dif- 
ferent animals  but  in  the  same  animal  at  difierent  times.  The 
average  percentage  of  solids  may  perhaps  be  put  down  as  about 
9.  that  of  proteid  material  as  about  4  or  5.  and  that  of  fat  as 
about  3  or  4  (though  the  latter  may  sometimes  rise  as  high  as  14), 
the  remainder  being  extractives  and  salts.  The  fats  occur  chiefly 
in  the  form  of  neutral  fats,  though  some  soaps  or  fatty  acids  are 
present.  Some  amount  of  lecithin,  and  cholesterin  in  consider- 
able quantity,  are  also  frequently  present. 

The  proteids  consist  chiefly  of  serumalbumin^  with  a  globulin, 
probably  paragh>bulin,  and  a  variable  but  small  quantity  of 
fibrin.  Among  the  extractives  have  been  found  sugar,  urea,  and 
leucin;  since  tticse  are  found  in  lymph  as  well  as  chyle,  they 
cannot  be  regarded  as  derived  exclusively  from  the  intestinal 
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contente.  The  aah  is  remarkable  for  the  abundauoe  of  t^odium 
chloride  and  the  soautinesa  of  phogphalea.  Iron  is  present  in 
greater  quantity  than  can  be  accounted  for  by  the  preeeuce  of 
red  corpuscles. 

The  nature  of  the  fat  is  supposed  to  vary  with  that  of  the  food,.] 
but  this  has  not  been  conclusively  shown. 

The  lymph  taken  from  the  duct  during  fasting  differs  chiefly 
from  that  taken  after  a  meal,  in  the  much  smaller  quantity  of  fat,, 
the  microscope  showing  l>eaides  the  whit«  corpuscles  only  very 
few  oil-globules,  and  iu  the  alnu^l  entire  absence  of  the  molecular 
basis.  Lymph  in  fact  Is,  broadly  speaking,  blood  minus  it^^  red 
corpuscles,  and  chyle  is  lympli  plim  a  very  large  quantity  of  min- 
utely divided  neutral  fat. 

It  has  been  calculated  that  a  quantity  equal  to  that  of  the 
whole  blood  may  pass  through  the  thoracic  duct  in  twenty-fcur 
hours,  and  of  this  it  issupfxised  that  about  half  comes  from  fixxl 
through  the  lacteals  and  the  remainder  from  the  body  at  large; 
but  these  calculations  arc  based  on  uncertain  data. 


Entrance  of  the  Chyle  into  the  Laoteals. — The  lacteal  begins 
as  a  club-shaped  <  or  bifurcate)  lymphatic  space  lying  in  the 
centre  of  the  villus,  and  connected  with  the  smaller  lymphatic 
spaces  of  the  adenoid  tissue  around  it;  it  opens  below  into  the 
submucous  lymphatic  plexus  from  which  the  lacteal  vessels 
spring.  The  adenoid  tissue  of  the  surrounding  crypts  of  Lieber- 
kUhu  is  by  its  lymphatic  spaces  connected  with  the  same  lym- 
phatic plexus.  That  the  finely  divided  fat  does  pass  from  the 
intestine,  through  the  epithelial  envelope  of  the  villus,  into  the 
adenoid  tissue,  and  so  into  the  lacteal  chamber,  is  certain,  but 
much  discussion  has  arisen  as  to  the  exact  mechanism  of  the 
transit.  Most  observers  agree  that  afler  a  meal  the  epithelium 
cells  of  the  villus  are  loaded  with  fat  and  that  this  fat  is  derived 
&om  the  intestinal  contents.  Since  the  r<triation  of  the  hyaline 
border  of  the  cells  is  not  due  to  pores,  as  was  once  thought,  the 
particles  must  have  entered  into  the  cells  very  much  as  foreign  par- 
ticles enter  the  body  of  an  aniu'ba.  The  epithelium  may  thus  be 
said  to  cat  the  fat,  and  subsequently  to  pass  it  an  into  the  lym- 
phatic spaces  of  the  adenoid  tisiiiue  of  the  villus  and  so  into  the 
central  lymythatic  chamber.  There  would  thus  be  a  stream 
of  fatty  particles  through  the  cell  from  without  inwards,  a 
stream  in  the  causation  of  which  the  cell  took  an  active  part. 
In  fact,  under  this  view,  absorption  by  the  cell  might  be  regarded 
M6  a  sort  of  inverted  secretion,  the  cell  taking  much  material 
from  the  chyme  and  secreting  it,  with  little  or  no  ihiinge,  into  the 
villus.  Other  ohaervers,  however,  believe  that  the  fat  passes  wot 
through  but  between  the  epithelium-cells,  being  taken  by  the 
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ioterepithelial  processes  of  tho  peculiar  epitheliuid  cella,  described 

••forming  u  continuous  protoplasmic  reticulum,  oonnectiug  the 
■orface  ol*  ibe  villus  with  the  ceutral  chnmber.  Along  this 
reticulum  the  fat  is  supposed  to  travel,  the  epithelium-cells  them- 
selvea  having  no  active  share  in  absorption. 

The  passage  ia  probably  assisted  oy  the  movements  of  the 
intestine,  though  even  in  the  contractions  of  strong  peristaltic 
movements  the  pressure  within  the  intestine  is  never  very  great. 
Of  more  obvious  use  is  the  contraction  of  the  villus  itself.  The 
loDgitudiual  muscular  fibre-cells,  in  contracting,  pull  down  the 
villus  on  its4'lf;  the  contents  of  the  lacteiil  chamber  are  thus 
forced  into  the  underlying  lymphatic  plexuH.  When  the  tibre- 
cells  relax,  the  empty  hvcteal  chamber  is  expanded  ;  the  chyle 
cannot  flow  back  from  the  lymphatic  channels  by  reason  of  the 
valves  present  in  them,  and  in  consequence  the  lacteul  chamber 
is  filled  from  the  substance  of  the  villus,  and  thus  the  entrance 
into  the  villus  of  material  from  the  intestine  is  facilitated.  The 
villus  in  fact  acts  na  a  kind  of  muscular  suction-pump. 

Movements  of  the  Chyle. — Having  reached  the  lyuu)hatic 
channels  the  onward  pnigrws  of  the  chyle  is  determined  by  a 
variety  of  circumstanws.  Putting  aside  the  pumping  action  of 
the  villi,  the  same  events  which  cause  the  movement  of  the 
lymph  generally  alfio  further  the  flow  of  the  chyle  ;  and  these  are 
briefly  as  follows.  In  the  first  place,  the  wide-spread  presence  of 
valves  in  the  lymphatic  vewsels  onuses  every  pressure  exerted  on 
the  tisj^uea  in  which  they  He  to  a&sist  in  the  f)nipul»i<m  forward  of 
the  lymph.  ITcnce  all  muscular  movements  increase  the  flow. 
If  a  cutiula  be  inscrtctl  in  one  of  the  larger  lymphatic  trunks  of' 
the  limb  of  a  dog,  the  discharge  of  lymph  from  the  canula  will 
be  more  distinctly  increased  by  movements,  even  passive  move- 
ments, of  the  liml)  than  by  anything  else.  In  addition  to  the 
valves  along  the  course  of  the  vessels,  the  embouchement  of  the 
thoracic  duct  into  the  venous  system  is  guarded  by  a  valve, 
so  that  every  escape  of  lymph  or  chyle  from  the  duct  into  the 
veins  becomes  itself  a  help  to  the  flow.  In  the  second  [dace,  we 
have  already  seen  ihut  the  blood-pres.sure  in  the  capillaries  and 
minute  vessels  is  considerably  greater  than  that  in  the  large 
veins,  such  as  the  jugular;  in  fact,  this  diHeroncc  of  pressure  is 
the  cause  of  the  flow  of  blood  from  the  capillaries  to  the  heart. 
Now  the  lymph  in  the  lymphaiic  spaces  outside  the  capillaries 
and  minute  vessels  unduubtedly  stands  at  a  h^wer  pressure  than 
the  blood  in.side  the  capilluries;  otherwit-e  the  transudation  from 
the  bUjod  into  the  tissues  would  be  checked  ;  but  the  diflercnce 
ifl  probably  nut  great.  So  that  the  lymph  in  the  lymphatic 
spaces  of  the  tissues  may  still  be  considered  as  standing  at  a 
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higher  pressure  than  the  btood  in  the  veuous  trunks,  for  instance 
in  the  jugular  vein.  That  is  to  say,  the  lymphatic  vessels,  as  a 
who!e,  form  a  system  of  channels  leadiug  from  a  region  of 
higher  proflsure,  viz.,  the  lymphatic  spaces  of  the  tiseuea,  to  a 
region  of  lower  pressure,  vir.,,  the  interior  of  the  jugular  and  sub- 
clavian veins.  This  diflierenee  of  pressure  will,  as  in  the  case  of 
the  bloodvessels,  cause  the  lymph  to  flow  onward  in  a  continuous 
stream.  Further,  this  flow,  caused  by  the  lowncsa  of  the  mean 
venous  pressure  at  the  subclavian,  will  be  ussislcd  at  every  re- 
spiratory movement,  since  at  every  inspiration  the  pressure  in  the 
venous  truuks  becomes  negative,  and  thus  lymph  will  be  sucked 
in  from  the  thoracic  duct,  while  the  increajje  of  pressure  in  the 
great  veins  during  expiration  is  warded  off  from  the  duct  by  the 
valve  at  its  opening.  In  the  third  place,  the  flow  may  possibly 
be  increased  by  rhythmical  contractions  of  the  muscular  walls  of 
the  lyrapliatios  themselves;  but  this  ia  doubtful,  since  it  is  not 
clear  whether  the  rhythmic  variations  which  have  been  observed 
in  the  lacl^als  uf  the  mesentery  of  the  guiuea-pig  are  active  or 
simply  prtss*ive — i  e.,  caused  by  the  rhythmic  peristaltic  action  of 
the  iutastiue,  each  contraction  of  the  intestine  filling  the  lymph- 
channels  more  fully.  Lastly,  it  is  tjuitc  upen  for  us  to  supjtose 
that  just  as  osmesis  may  give  rise  to  increased  pressure  on  one 
si<le  of  a  diflusiou  septum,  so  the  dif^'iii^ion  of  substances  from  the 
intestines  into  the  lacteals,  or  from  the  tissues  into  the  lymphatics, 
may  be  itself  one  of  the  causes  of  the  tlow  of  lymph.  We  have 
at  feast,  under  all  circumstances,  one  or  other  of  these  causes  at 
work  promoting  a  continual  flow  fmm  the  lymphatic  roots  to  the 
great  veins.  We  have  no  very  satisfactory  evidence  that  the  flow 
of  lymph  is  in  any  way  directly  governed  by  the  nervous  system. 
We  cannot  prove  any  direct  connecti(m  between  the  nervous 
system  and  absorption,  though  the  phenomena  of  disease  render 
such  a  connectiou  at  least  probable. 

That  the  nervous  system  does  exert  an  influence  on  absorption 
is  shown  by  the  following  experiment,  though  probably  in  this 
case  the  influence  is  an  indirect  one,  carried  out  through  the 
mediatiun  of  the  vascular  system.  Of  two  frogs  placed  under 
the  influence  of  urnri  so  as  to  do  away  with  muscular  movements 
and  the  action  of  the  lymph  hearts,  the  brain  and  spinal  cord 
are  destroyed  in  the  one,  but  in  the  other  are  left  intact.  Both 
animals  are  suspended  by  the  lower  jaw;  chloride  of  sodium 
solution  iO.75  per  cent.)  is  poured  into  the  dorsal  lymphatic  sacs 
of  both;  and  in  both  the  aorta  is  cut  acr^^ss.  In  the  one  where 
the  nervous  system  is  intact,  absorption  from  the  lymphatic  sac 
take«  place  copiously,  and  the  heart  pum|)fl  out  large  quantities 
of  fluid  by  the  aorta.  In  the  other,  absorption  does  not  occur; 
the  heart,  though  beating,  remains  empty,  and  the  skin  becomes 
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dry.  The  experimeut  probably  shows  the  iofluence  of  ihe  ner- 
vous system  in  maintaiDing  the  tonicity  of  the  bloodvessels  and 
keeping  up  the  conDection  of  the  heart  with  the  peripheral  ves-' 
seJB,  rather  than  any  direct  connection  between  alworption  pro] 
and  the  nervous  sys^teni.  When  the  nervous  system  is  destroyed, 
dilation  of  the  tsplauohnic  vascular  area  causes  all  the  blood  to 
remain  stagnant  in  the  portal  vessels,  and  probably  these  as  well 
as  other  veins  are  rendered  unusually  lax,  so  that  the  blood  is 
largely  retained  in  the  venous  system,  and  very  little  reaches  the 
heart;  and  with  the  enfeebled  circulation,  the  absorption  from 
the  lymphatic  sac  is  alight.  Ho  long  as  the  nervous  system  is 
ftill  intact,  this  stagnation  does  not  occur;  the  blood  reaches  the 
heart  as  usual,  and  with  the  more  vigorous  circulation,  absorption 
from  the  lymphatic  sac  goes  on  rapidty.  As  the  blood  is  pumped 
away,  it«  place  is  renewed  by  the  lymph,  supplied  by  the  iluid  iu 
the  sac,  and  thus  the  heart  may  be  made  for  a  long  time  to  pump 
away  the  fluid  poured  into  the  sac. 

Lymph  Hearts. — In  frogs  and  some  other  animals,  the  cen- 
tripetal dow  of  lymph  from  the  limbs  is  assisted  by  rhythmically 
pulsating  muscular  lymph  hearts,  wiiich  present  many  curious 
aualo^ifs  with  the  blood  heart.  In  the  frog,  in  which  they  have 
bccji  chielly  studied,  their  action,  as  we  have  already  stated  (p. 
141),  is  in  u  niensu re  dependent  on  the  spinal  cord.  The  pos- 
terior lymph  hearts  belonging  to  the  hind  limbs  are  connected 
by  means  of  the  delicate  tenth  pair  of  spinal  nerves,  with  a 
region  of  the  cord  opposite  the  sixth  or  seventh  vertebra,  in  such 
a  way  that  section  oi  the  nerve  or  destruction  of  the  particular 
region  *>(  the  cord  suspends  or  destroys  their  activity.  The  an- 
terior pair  are  similarly  corinectetl  with  a  region  of  the  spinal 
cord  opposite  the  third  vertebra.  Each  pair,  therefore,  seems  to 
have  a  "centre"  in  the  spinal  cord;  l)Ut  it  is  probable,  though 
observers  are  not  wholly  agreed,  that  the  hearts,  after  destruction 
of  their  spinal  centre,  ultimately  resume  their  rhythmic  beats, 
80  that  the  dependence  of  their  activity  on  the  spinal  centre,  like 
the  similar  dependence  of  the  blood  heart  on  the  ganglia  of  the 
siuua  venosus,  is  not  ait  absolute  one.  Liketlie  blood  heart,  the 
lymph  hearts  may  be  inhibited,  aud  that  in  a  reflex  manner,  the 
inhinitioD  centre  being,  moreover,  in  the  medulla  oblon^ta.  If 
a  frog  be  carefully  oiiaerved,  the  activity  of  the  lymph  hearts 
will  be  found  to  vary  largely,  aud  these  variations  appear  to  be 
in  part  due  to  nervous  influences;  so  that  iu  this  way  the  move- 
ment of  lymph,  and  hence  the  processes  of  absorption,  are  in  this 
animal  directly  dependeut  on  the  uervuua  system. 
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Tht  course  taken  by  the  several  products  of  digestion. 

Digestion  being,  broadly  speaking,  the  conversion  of  uon- 
diff'usible  proteids  and  starch  into  highly  diffusible  peptone  and 
sugar,  and  the  emulsifying,  or  division  into  minute  partioles,  of 
various  fata,  it  is  natural  to  suppose  that  the  diffustble  pvptone 
and  sugar  pass  by  osmosis  into  the  portal  vessels  and  8o  directly 
into  the  blood,  and  that  the  emulsitied  fats  pa^s  into  the  lacteals 
and  so  indirectly  into  the  blood.  That  a  large  part  of  the  fat 
which  enters  the  body  from  the  intestine  does  pass  through  the 
lacteals,  there  can  be  no  doubt;  and  there  can  be  but  little  doubt 
that  a  consideraUle  quantity  of  peptone  and  sugar  does  pass  into 
the  portal  blood  (Fig.  121).  But  the  question  as  to  how  far  the 
fat  in  its  diMicult  passage  into  the  lacteal  is  accompanied  by 
soluble  peptone,  or  by  lesa  diffusible  forms  of  proteids  arising  as 
subsidiary  products  of  proteolytic  digestion,  or  by  carbohydrate 
products,  deserves  attention. 

It  cannot  be  a  matter  of  indifference  which  course  is  taken  by 
the  particular  digestive  pnnlucts.  For  if  they  pass  by  the  lacteals 
they  fall  iut*j  the  general  blood-current  after  having  undergone 
only  such  changes  as  they  may  experience  in  the  lymphatic  sys- 
tem ;  while,  if  they  pass  into  the  portal  vein,  they  are  subjected 
to  the  powerful  influences  of  the  liver  before  they  find  their  way 
to  the  right  side  of  the  heart.  What  those  influences  are,  we 
shall  study  iu  a  future  chapter. 

Fats. — As  we  have  seen,  a  special  mechanism  is  provided  for 
the  piipsngc  of  fats  into  the  lacteals.  On  the  other  hand,  it  is 
difficult  to  suppose  that  solid  particles  of  fat  can  puss  into  the 
interior  of  the  blood  capillaries.  80  that  we  are  led  a  priori  to 
the  view  that  the  whole  of  the  fat  takes  the  cfjurse  of  the  lacteals. 
But  we  cannot  say  that  this  is  definitely  proved.  On  the  con- 
trary, a  large  deficit  is  observed  when  the  quantity  of  fat  dis- 
ap|>eariug  after  a  meal  from  the  alimentary  canal  is  com[»ared 
with  that  Mowing  out  through  a  canula  placed  iu  the  end  of  the 
thoracic  duct;  and  if  it  be  true,  as  ie  stated,  that  the  bloml  of 
the  portal  vein  contains  during  digestion  more  fat  than  the 
general  venous  blood,  some  of  this  deficit  may  be  explained  by 
the  fat  passing  into  the  blood  cafiillaries,  ditiicult  as  that  passage 
may  apiwar.  The  purtal  blood,  moreover,  during  digtstiim  con- 
tains a  small  but  appreciable  quantity  of  soa]>8.  It  may  be, 
however,  that  the  deficit  observed  is  due  to  some  of  the  fat  dis- 
appearing in  some  way — i»  the  glands,  for  instance — from  the 
interior  of  the  vessels  iu  its  transit. 

The  fat  thus  entering  the  blood  either  directly  or  indirectly  is 
rapidly  got  rid  of  iu  some  way  or  other,  for  from  experiments  on 
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dogs  it  would  appear  that  the  percentage  of  fat  iq  the  blood 
afler  u  meal  rich  in  fut,  does  not,  aflcr  the  lapee  of  twenty  hours 
from  the  swallowing  of  the  food,  differ  materially  whether  the 
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fat  has  been  during  the  whole  time  shut  off  from  the  blood  by 
being  allowefl  to  flow  out  of  a  canula  placed  in  the  thoracic  duct, 
or  has  been  allowed  to  pass  into  the  venous  system  in  the  usual 
way. 

Froteids. — The  question  as  to  the  course  taken  by  the  digested 
proteids  is  comjilicaled  by  the  insufficiency  of  our  knowledge 
concerning  the  exact  stages  to  which  the  digestion  of  proteids  is 
naturally  carried  in  the  alimentary  canal.  IC  we  tuke  it  for 
granted  that  the  pr()tei<l8  taken  as  food  arc  reduced  to  the  con- 
dition of  soluble  and  ditfusible  peptone,  it  seems  easy  to  suppose 
that  the  proteids  of  food  pass  oy  diffusion  as  [Wptoue  into  the 
blood-capillaries  which,  as  ia  well  known,  are  place<l  in  the  villus 
between  the  epithelium  and  the  lacteal  chamber;  though  even 
on  this  view  it  is  open  for  iis  to  imagine  that  all  the  peptone 
wliich  passes  through  the  epithelium  is  not  intercepted  by  the 
blood-capillaries,  but  that  some  reaches  and  passes  away  by  the 
more  centrally  plucetl  lacteal.  It  is  difticult  to  imagine  how 
})roteids  in  any  other  form  than  that  of  diffusible  peptone  can 
pass  through  the  walls  of  the  blood-capillaries ;  though,  perhaps, 
the  ilirticulty  is  not  insurmounlablCf  seeing  that  imr  coucejjtions 
of  nutrition  are  based  on  the  assumption  that  the  natural  pro- 
teids of  the  blofHi-plasma  pass  from  the  interior  of  the  vessels  into 
the  extravasculur  elements  of  the  tissues;  and  we  might  imagine 
that  un  accunnilution  of  pnUeids  in  the  same  extravascular  spaces 
might  cause  a  ruveryal  of  the  proteid  current,  and  thus  lead  to 
proteids  other  than  peptone  passing  through  the  vascular  walls. 
On  the  other  hand,  it  is  at  least  open  for  us  to  ask  the  questioOi 
If  solid  particles  of  fat  can  pass  from  the  interior  of  the  alimen- 
tary canal  into  the  lacteals,  why  should  not  various  forms  of 
proteids  pass  tn  the  same  way  into  the  lacteals,  either  in  solution 
or  even  as  solid  jmrticles? 

It  would  thus  seem  pissible  for  some  of  the  proteids  to  pass 
into  the  lacteals  and  so  into  the  system  in  a  less  digesteil  form 
than  peptone;  and  it  ia  further  possible  that  the  pruteids  thus 
entering  into  the  syetem  in  different  forms  may  play  different 
parts  in  the  nutritive  labors  of  the  economy. 

But  in  all  these  conBiderations  the  fact  must  be  borne  in  mind 
that  the  intestinal  walls  undoubtedly  possess  a  selective  power  of 
absorption,  which  overrides  the  laws  of  diffusion  and  solubility. 
This  is  shown,  for  instance,  by  an  observation  made  on  a  dog,  in 
which  such  fairly  soluble  and  diffusible  salts  as  sodium  tauro- 
cholate  and  glycocholate  were  found  nut  tn  be  absorWd  by  the 
duodenum  and  upper  jejunum,  even  at  a  time  when  fat  was  being 
rapidly  absorbed  in  those  regions,  but  to  disappear  in  the  ileum 
or  lower  jejunum,  the  glycocholate  apparently  being  absorbed  by 
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both  the  ileum  and  lower  jejunum,  while  the  taurocholate  passed 
away  in  the  ileum  aloue. 

We  cannot  jutige,  therefore,  of  the  course  taken  by  the  pro- 
teids,  or  of  the  form  in  which  they  are  absorbed,  by  deductions 
based  on  solubility  and  diifusion.  Tlie  problems  we  are  (liacuea- 
ing  can  only  l)e  satisfactorily  settled  by  direct  experiment.  And 
here  we  meet  with  difficulties.  If  all  proteids  are  converted  into 
peptone,  and  so  pass  into  ilie  laeteals  or  into  the  bhiodcapil  la- 
nes, we  might  expect  to  find  a  quantity  of  peptone  in  the  chyle 
or  in  portal  blood,  or  in  both,  after  a  proleid  meal.  Now,  all 
observers  arc  agreed  that  ]>eptoue  is  absent  from  chyle,  or  at  least 
that  its  presence  cannot  by  satisfactorily  proved,  iu  spito  of  the 
]>088ibility  of  its  entering  into  the  Inctenls,  together  with  the 
iaU  And  while  some  have  succeeded  in  finding  peptone  in  the 
blood  aUer  food,  but  not  during  fasting,  many  have  failed  to 
demonstrate  the  presence  of  peptone  in  the  blood  either  of  the 
portal  vein,  or  of  the  vessels  at  large,  even  after  a  meal  contain- 
ing large  quantities  of  proteids.  Of  course,  the  quantity  of  pep- 
tone passing  into  the  portal  blood  at  any  moment  might  be  small, 
and  yet  a  considerable  (|unntity  might  so  pans  during  the  hours 
of  digestion.  We  may  suppose,  moreover,  that  that  which  does 
pass  is  immediately  converted,  possibly  by  some  ferment  action, 
into  one  or  other  of  the  natural  proteida  of  the  blood,  or  other- 
wise dispoaed  of;  and,  indeed,  peptone  injected  carefully  int*>  a 
vein  disappears  from  the  blood,  though  little  or  even  none  passes 
out  by  the  kidney.  And  the  view  that  peptone  is  so  changed, 
possibly  in  the  very  act  of  nbaorplion,  [a  siipportoii  not  only  by 
the  fact  that  pept<tne  may  be  found  in  the  walla  of  the  intestine, 
even  when  it  appears  to  he  alwent  from  the  blood,  but  also  and 
especially  by  the  following  observation.  If  an  artificial  circula- 
tion of  blood  bt*  kept  up  in  the  mesenteric  arteries  supplying  a 
Iooj»  of  intestine  rt^iiioved  from  the  boily,  the  loop  may  be  kept 
alive  for  some  considerable  time.  During  this  survival  a  con- 
siderable quantity  of  peptone  placed  in  the  C4ivity  of  the  loop, 
will  disappear — /.  e.,  will  l>e  absorbed,  but  cannot  be  recovered 
from  the  bhH»d  which  is  being  used  fur  the  artificial  circulation, 
and  which  escapes  from  the  veins  alter  traversing  the  intestinal 
capillaries.  The  disappearance  is  not  due  to  any  action  of  the 
blood  iti*elf.  for  peptones  intDdiiceil  into  the  blood  before  it  is 
driven  through  the  mesenteric  arteries  in  the  experiment  may  be 
recovered  from  the  blood  an  it  escapes  from  the  mesenteric  veins. 
It  would  seem  a:^  if  the  peptone  were  changed  before  it  actually 
gets  into  the  capillaries. 

But  the  argument  that  the  absence  of  peptone  from  the  blood 
is  no  proof  that  peptoueu  are  not  absorbed  into  the  blood,  may 
also  be  applied  to  the  chyle.     We  have,  however,  an  indirect 
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proof  that  peptones  do  not  paBS  into  the  chylo.  TTfe  shall  see 
hereafter  that  the  quaotitj  of  urea  passing  by  the  kidney  may, 
with  certain  precautions,  be  taken  a»  a  measure  of  the  i|uantity 
of  proteid  material  taken  into  the  body.  Now.  when  a  canula 
is  placed  in  the  thoracic  duct  of  a  dog,  so  that  all  the  chyle 
paBsea  away,  and  is  lost  to  the  blood,  the  amount  of  urea  leaving 
the  body  by  the  kidney  does  not  materially  differ  from  the 
amount  which,  with  the  same  food,  is  passed  when  all  the  ehyle 
llows  into  the  blood.  Did  any  laree  quantity  of  peptoue  (or 
proteid)  pasH  by  the  chyle,  we  should  expect  to  find  the  urea 
much  diminished.  Hence,  except  on  the  very  improbable»view 
that  proteida  absorbed  into  the  lacteals  of  the  villi  escape  from 
the  lymphatic  system  before  they  reach  the  thoracic  mict,  we 
must  accept  the  view  which  seems  to  follow  legitimately  from  the 
reaultfi  of  artificial  digestion — that  proteid  food  is  converted  into 
peptone,  and  su  passes  from  the  alimentary  canal  into  the  blood. 
And  we  know  that  artiHcially  forme<l  [>eptone  is  available  for 
nutrition;  for  dogs  fed  on  peptone  and  non-nitrogenous  food, 
may  actually  put  ou  flesh  and  gain  in  weight. 

Sugar. — With  regard  to  the  path  taken  by  the  sugar,  careful 
inquiries  show  that  the  percentage  of  sugar,  both  in  chyle  and  in 
general  blood,  is  fairly  constant,  being  to  no  marked  extent  in- 
creased by  even  amylaceous  meals ;  but  that  a  meal  of  sugar  or 
starch  does  temporarily  increase  the  quantity  of  sugar  in  the 
portal  blood.  From  this  we  may  infer  that  such  portions  of  the 
sugar  of  the  intestinni  contents  as  are  absorbed  as  sugar  pass 
exclusively  by  the  portal  vein.  But  it  must  be  remembered  that 
at  preseut  we  have  no  accurate  information  as  to  how  large  a 
proportion  of  the  sugar  resulting  from  a  meal  passes  in  this  way 
unchanged  until  it  reaches  the  liver,  and  how  much  undergoes 
the  lactic  acid  or  analogous  fermentation.  Kor  do  we  know  aa 
yet  how  much  of  the  starch  taken  as  food  is  removed  from  the 
alimentary  canal  in  the  form  not  of  sugar  but  of  di-xtrin. 

When  u  solution  of  sugar  is  injected  into  an  empty  isolated 
lo(vp  of  intestine,  a  large  quantity  disappears  without  the  oontentB 
of  the  loop  becoming  acid.  In  such  a  case,  it  may  fairly  be  in- 
ferred that  the  sugar  is  directly  absorbed  without  undergoing 
any  change.  And  where  sugar  is  inln>duced  in  large  quaiititiea 
into  the  alimentary  canal,  the  j)ercentage  of  sugar  in  the  blood 
may  be  temporarily  increased;  to  such  an  extent,  indeed,  that 
sugar  may  appear  in  the  urine.  But  neither  of  these  facts  prove 
that  the  sugar  of  nn  ordinary  meal,  passing  as  it  dots  along  the 
intestine  with  the  other  portions  of  the  food,  and  products  of  di- 
gestion, and  appearing  as  it  docs,  in  most  cases,  in  comparatively 
small  quantities  at  a  time,  owing  to  the  more  or  leas  gradual  con- 
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version  of  the  etarcb  of  the  meal,  is  similarly  nbeorbe*!  un- 
changed; while  io  onlor  that  the  marked  aoidity  of  the  contenla 
of  the  lower  intestine  flhouhi  l>e  kept  up,  a  considerable  ([uantity 
of  sugar  must  suffer  lactic  acid  fermentation,  if  the  acidity  be 
due  as  stated  to  lactic  acid. 

To  euro  up,  the  evidence  is  distinctly  in  favor  of  the  fata  pass* 
ing  largely  by  the  chyle,  and  of  the  proteidu  and  sugar  piiBving 
largely  by  the  |x)rtal  vein;  but  there  still  remains  much  doubt 
as  to  the  course  and  fate  of  a  not  inconsiderable  portion  of  the 
fat,  and  the  question  as  to  the  exact  form  in  which  pmteids  and 
carbohydrates  leave  the  alimentary  canal,  cannot  be  answered  in 
a  |)erfectly  definite  manner. 

Absorption  by  Diffusion. — It  is  evident,  from  the  discussion 
just  concluded,  that  sintple  iJifFusitm  la  far  from  explaining  the 
whole  trausit  of  the  digested  food  from'  the  intestine  into  the 
blood.  Ncvprthclcss,  it  must  not  be  supposed  that  tht-  great  and 
general  pntperly  of  diffusion  does  not  ninke  itself  felt  in  the  pro- 
cess of  ahsorptiuu,  however  muL'h  it  may,  in  the  case  of  various 
substances,  be  subordinated  and  held  in  check  by  more  potent  in- 
fluences. Thus  the  passage  of  water  from  the  alimentary  cavity 
into  the  blood,  or  from  the  blood  into  the  alimentary  cavity,  and 
the  behavior  of  various  inorganic  salts,  when  taken  as  food  or 
medicine^  illustrate  very  clearly  the  influence  of  osmosis.  When 
the  intestine  contains  a  large  quantity  of  watery  matter,  the 
surplus  water  paases  by  diSiisiou  into  the  Ixlood,  just  as  it  pasaes 
through  the  membrane  of  a  dialyzer,  with  blood  or  serous  finid 
on  the  one  side,  and  water  on  the  other.  When  an  albuminous 
fluid  of  the  apecifit'  gravity  of  blood-serum  is  exposed  in  a  dialy/-er 
to  water,  about  200  f>art8  of  water  pa£S  through  the  membrane 
of  the  dialyzer  from  the  water  into  the  ulluiiiiiniins  fluid  for  every 
one  part  of  the  albumin  which  passes  from  the  lltiid  into  the 
water.  Moreover,  in  the  living  body,  the  blood  in  the  mesenteric 
capillary,  thus  diluted  by  diffusion  from  the  intestinal  contents, 
is  continually  being  replaced  by  fresh  blood  concentrated  by  its 
passage  through  the  skin,  lung,  or  kidney.  By  the  help  of  the 
circulation  an  almost  utiliriiited  quantity  of  water  can  Reabsorbed 
from  the  alimentary  canal. 

It  is  a  matter  of  common  experience  that  such  inorganic  and 
organic  salts  aa  arc  readily  diffn:^ible,  pass  with  great  rapidity 
into  the  blood  (and  thus  into  the  urine)  when  taken  by  the 
mouth  ;  anfl  the  rapidity  with  which  they  are  absurbed  is  in  large 
measure  proportionate  Ui  iheir  diilusibility.  Of  course,  coincident 
with  this  passage  of  the  salt  from  the  intestine  into  the  blood. 
there  is  a  proportionate  current  of  water  in  the  contrary  direc- 
tion from  the  blood  into  the  intestine :  but  this,  though  opposed 
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to,  IB,  under  ordinary  circumstances,  too  Htuull  to  diniiuiBh  to  any 
aerioufl  extent  the  pn^snge  of  water  from  tlie  intestine  into  the 
blood,  of  which  we  8pi>ke  just  now,  as  cjiufied  hy  the  osmotic  in- 
fluence of  the  albuminous  couBlituenta  of  the  hlood.  Hnt,  under 
certain  circumstances,  the  former  may  overcome  the  latter. 
Thus,  when  a  concentrated  solution  of  a  highly  didusihle  salt, 
such  aa  magnesium  sulphate,  is  iutroduced  into  the  alimentary 
canal,  the  flow  of  water  from  the  bKxiil  into  the  intestine  accom- 
jianying  the  oamcttic  transit  of  the  bhU  from  the  intestine  into 
the  blood,  is  so  great  as  largely  lo  excet**!  the  current  in  the  con- 
trary direction  ;  and  the  intestine  becomes  tilled  with  water  at 
the  expense  of  the  blood.  This  is  probably  the  cause  of  the 
purgative  action  of  hirge  doses  of  nmuy  auliiie  substances.  And 
even  the  purgative  action  of  more  dilute  solutions  may  be  ex- 
plained in  the  same  way,  since  in  the  case  of  some  ^tts  at  least 
the  transit  of  water  as  compared  with  the  transit  of  the  salt  is 
relatively  more  rapid  with  very  dilute  solutions  than  with  more 
concentrated  soIiui<>nt<.  Salts  such  us  these,  which,  when  intro- 
duceil  into  the  inlcsiine,  prorJuce  diarrh<i.'a,  bring  about  a  con- 
trary coudition  when  injected  directly  into  the  blood;  and 
magnesium  sulphate,  with  its  higher  endosmotic  e<)uivalent,  is 
more  purgative  in  its  action  than  ao<]ium  chloride  with  its  lower 
equivalent. 
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[Phyaiological  Anatomy  of  ike  Trachea  and  Lungs. 

The  trachea  is  a  niembraD4>cartitaginou8  cvlindrieal  tub 
suinewhnt  f1attene<l  posteriorly.  It  is  about  four  and  a  halt'incheft] 
long,  about  three- fourths  of  an  inch  in  dianieter,  and  is  composed 
of  an  externa]  fibrous  and  an  internal  mucous  coat.  The  fioroua 
coat  consists  of  several  layers  which  are  composed  »f  elastic  and 
non  elastic  tibrons  tissue,  a  circular  and  longitudinal  layer  of 
unstriated  muscular  tissue,  and  about  twenty  imperfect  cartilagi- 
nous ringy,  which  are  placed  parallel  with  each  other  and  par- 
tially encircle  the  tube.  The  rings  are  imperfect  posteriorly, 
where  the  tube  is  completed  by  a  fibro-muscular  membrane. 
The  raucous  coat  consists  of  a  basement  membrane  which  is 
covered  by  a  layer  of  ciliated  columnar  epithelium.  On  the 
surface  of  this  membrane  can  be  seen  numerous  oritices,  which 
are  the  apertures  of  the  ducts  leading  from  the  tracheal  mucous 
glands.  These  glands  are  of  the  racemose  and  follicular  varie- 
ties, and  are  most  abundant  in  the  posterior  portions  of  the 
trachea. 

The  lunors  are  bilateral  organs,  situated  within  the  thoracic 
cavity.  When  the  cheat  is  opened,  they  are  seen  to  occupy  but 
a  portion  of  the  space,  or,  in  other  words,  are  collapsed.  This  is 
not  the  case  in  the  unopened  chest,  where  the  lungs  are  partially 
expanded  and  in  contact  with  the  chest-walls. 

The  lungs  are  divided  into  lobes,  which  are  subdivided  into 
lobules,  and  are  composed  of  a  pnrenchymii,  and  a  serous  and 
i^uhar-rous  coal.  The  serous  coat  is  a  continuation  of  the  intra- 
thoracic lining,  and  forms  the  pulmonary  or  vieceral  layer  of 
the  pleura.  The  subserous  coat  is  composed  of  an  areolar  tissue 
Containing  a  very  large  amount  of  elastic  fibres.  This  coat 
envelops  the  lunge  and  sends  numerous  prolongations  or  trabecula; 
into  the  pulmonary  substance,  The  pnrenchifma  of  the  lungs  ift 
made  up  of  the  lobules,  which  are  bound  together  by  a  libra-' 
elastic  tis-sue,  which  also  forms  a  nidus  for  the  ramifications  of 
the  bloodvessels,  lymphatics,  and  nerves.  This  fibro-elastic  tissue 
plays  an  important  part  in  expiration ;  in  inspiration  the  fibres 
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are  put  on  the  stretch,  and  in  iheir  return  to  their  normal  oon- 
flitioD,  contract,  and  tiius  ussiat  in  expelling  the  air. 

The  trachea  is  connected  above  with  the  larynx  ;  below,  it 
divides  into  two  branches,  which  are  the  rUfht  and  icft  bronchial 
tubes.  The  right  is  larger,  shorter,  and  placed  more  horizontal 
than  the  left.  The  reason  of  the  larger  size  of  the  right  is  ob- 
viously due  to  the  greater  capacity  of  the  right  lung.  These 
primary  bronchial  tubes  undergo  subdivision  through  numerous 
gradations  of  smaller  tubeA  until  the  ultimate  divisions,  or  o/veo/or 
passages,  are  reached.  The  coats  of  the  brouchial  tubes  become 
more  delicate  in  structure  as  the  tubes  are  <tlnjinislied  in  size. 
The  layer  of  cartilaginous  Hugs,  which  is  seen  in  the  trachea,  is 
continued   in  the  larger  bronchi,  but  the  rings  soon   become 
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replaced  by  irregular  cartilaginous  plates,  which  themselves  dis- 
appear when  the  size  of  the  bronchi  have  reached  a  diameter  of 
about  2  mm.  The  mucous  glands  disappear  consentanoouslj 
with  the  disappearance  uf  the  cartilaginous  plates.  The  muscular 
til»res  are  in  the  form  of  a  continuous  transverse  layer.  The 
fibntuH  and  muscular  tissues  are  continued  into  the  smallest 
bnmchi. 

The  mucous  membrane  is  also  continuous  with  that  of  the 
trnchcn,  and  is  lined  with  ciliated  columnar  epithelium. 

The  8n)allest  bronchi  tcrminnie  in  subdivisions,  called  the 
olw^ixr  ptumgt*.    (Figs.  123  and  124.)     Each  of  these  passages 
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ibdivides  through  several  gradatioua,  bdiI  ultimately  terminates 
ill  ciecal  processea,  which  gradually  become  expanded  towards 
their  eiecal  extremitlet!.  aud  preaeul  uu  api>earance  similar  to  tliat 
of  the  exf»anded  part  of  a  funnel ;  hence  ihey  have  been  called 
the  lufundibula.  Tlie  interior  of  each  infuudibulum  b  marked 
by  fifteen  or  twenty  incomplete  cell«,  which  arc  ternunl  alvevli  or 
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air-Cells.  These  cells  average  about  0.2o  mm.  in  diameter.  Their 
walla  consist  uf  a  delicate  ba^enieut  membrane,  which  is  liued  by 
a  layer  of  pavement  epithelium.  Thi;!  membrane  forms  by  its 
reduplications  the  incomplete  septa  between  the  air-cells.  The 
space  in  the  interior  of  an  infundibulum  is  termed  an  intercellular 
pa$9age. 

Each  lobule  or  infundibulum  is  cumpused  of  an  ultimate 
alveolar  passage,  with  its  terminal  alveoli,  aud  of  nerves,  blood- 
vessels, and  lymphatics ;  all  of  which  are  bound  together  by 
fibru-elastic  tissue. 

The  capillaries  (Fig.  125)  form  a  plexus  between  the  cells, 
which  is  remarkable  fur  itadeni^ity.  The  diameters  of  the  inter- 
capillary  spaces  are  oflen  lees  than  the  diameters  of  the  vessels. 
These  capillaries  are  so  arranged  in  the  intercellular  tissue  that 
both  sides  of  the  vessels  are  in  contact  with  the  walls  of  con- 
tiguous cells. 
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The  cartilagiDouB  rings  of  the  trachea  and  larger  bronchi  keep 
them  continually  o|>en.  The  smaller  bronchi,  in  which  these 
cartilages  are  absent,  are  capable  of  considerable  expansion  and 
contraction  by  virtue  of  their  elastic  and  muscular  tiMues.  The 
nerves  of  the  lungs  are  derived  from  the  pneumogastric  and 
Bympathetic.     BhM)d  is  conveyed  through  the  pulmonary  artery 

Fio.  125. 


rhpnUry  Ni'lwiirk  of  the  PnlmcmirT  W»«xiv.'*>r'U  in  th<-  IIuiiimii  l.uiii:, 

to  the  lungs,  where  it  is  arlerialized,  and  then  returned  through 
the  pulmonary  veins  to  the  heart.  The  lungs  receive  blood  for 
their  nutrition,  principally  through  the  bronchial  arteries.] 

We  have  already  aeen  (Introduction,  p.  27)  that  one  particular 
item  of  the  body's  income — viz.,  oxygen — is  peculiarly  associated 
with  one  particular  item  of  the  body's  waste — viz.,  carbonic  acid 
— the  means  which  are  applied  for  the  introduction  of  the  former 
i)eing  also  used  for  the  getting  rid  of  the  latter.  Both  arc  gases, 
and.  iu  consequence,  the  ingress  of  the  one  ns  well  as  the  egress 
of  the  other  ie  far  more  dependent  on  the  simple  physical  process 
of  difTusion  than  on  any  active  vital  processes  carried  on  by 
means  <»f  tissues.  Oxygen  passes  from  the  air  into  the  blood 
inuinly  l>y  dilfusion,  and  mainly  bydiHusion  also  from  the  blood 
into  the  tissues;  in  the  same  way, carbonic  ncid  posses  mninly  by 
dirturtiou  from  the  tissues  into  the  blood,  and  from  the  blood  into 
Ihf  air.  Whereiu",  hs  wc  have  soon,  in  the  secretion  of  the 
iig*«iive  juice*  the  epithelium-cell  plays  an  all-important  part, 
in  respiration  the  entrance  of  oxygen  from  the  lungs  into  the 
blood,  and  from  the  blo(Ki  into  the  tissue,  and  the  passage  of  car- 
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bonic  acid  in  the  contrary  direction^  are  efTected,  if  at  all,  in  a 
wholly  subordinate  manner,  by  the  behavior  of  the  imlmonary, 
or  of  the  capillary  epithelium.  What  we  have  to  d<^ul  with  in 
respiration,  tnen,  is  not  so  much  the  vital  activities  of  any  par- 
ticular tissue,  as  the  various  mechanisms  by  which  a  rapid  inter- 
change between  the  air  and  the  blood  is  effected,  the  means  by 
which  the  blood  is  enabled  to  carry  oxygen  and  carl>onic  acid  to 
and  from  the  tissues,  and  the  manner  in  which  the  several  tissues 
take  oxygen  from  and  give  carbonic  acid  up  to  the  blocnl,  We 
have  reasons  ibr  thinking  that  oxygen  can  be  takeu  into  the  blo(jd, 
not  only  from  the  lungs,  hut  also  from  the  skin,  and,  as  we  have 
seen,  occasionally  from  the  alimentary  canal  also;  and  carbonic 
acid  certainly  passes  away  from  the  skin,  and  through  the  various 
secretions,  as  well  as  by  the  lungs.  Still  the  lungs  are  so  emi- 
nently the  channel  of  the  interchange  of  gasea  between  the  body 
and  the  air,  that  in  dealing  at  the  present  with  respiration,  we 
shall  confine  ourselves  entirely  to  pulmonary  respiration,  leaving 
the  c/)nBidorBtion  of  the  subsidiary  respiratory  processes  till  we 
come  to  study  the  secretions  of  which  they  respectively  form  part. 


Sec.  1. — The  MECHAince  of  Pulmonary  Respiration. 

The  lungs  are  placed,  in  a  semi-dislcnded  state,  in  the  air-tight 
thorax,  the  cavity  of  which  tijey,  together  with  the  heart,  great 
bloodvessels  and  other  organs,  completely  fill.  By  the  contrac- 
tion of  certain  muscles  the  cavity  of  the  thorax  is  enlarged;  in 
consequence  the  pressure  of  the  air  within  the  lungs  becomes  less 
than  that  of  the  air  outside  the  body,  and  this  difference  of 
pressure  causes  a  rush  of  air  through  the  trachea  into  the  lungs 
until  an  cfjuilibrium  of  pressure  is  established  between  the  air 
inside  and  that  outside  the  lungs.  This  constitutes  inspiration. 
Upon  the  relaxation  of  the  inapirntory  muscles  (the  muscles 
whr>se  contraction  has  brought  the  thoracic  expansion),  the  elas- 
ticity of  the  lunge  and  chest-walls,  aided  perhaj^  to  some  extent 
by  toe  contraction  of  certain  muscles,  causes  fhe  chest  to  return 
to  its  original  size ;  in  consenuenoe  of  this  the  pressure  wil  hiii  the 
lungs  now  becomes  greater  than  that  outside,  and  thus  air  rushes 
out  of  the  trachea  until  equilibrium  is  once  more  established. 
This  constitutes  expiration  ;  the  inspiratory  and  expiratory  act 
together  forming  a  respiration.  The  fresh  air  introduced  into 
the  upper  part  of  the  pulmonary  passages  by  the  inspiratory 
movement  contains  more  oxygen  and  le^s  carbonic  ucid  than  the 
old  air  previously  present  in  the  lungs.  By  diffusion  the  new  or 
tidal  air,  as  it  is  frequently  called,  gives  up  its  oxygen  to,  and 
takes  carbonic  acid  from,  the  old  or  stationary  air,  as  it  has  been 
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ncli  can  be  exerted  by  these  probably  does  not  exceed  1  or 
2  mm. 

When  a  manometer  is  introduced  into  a  lateral  opening  of  the 
windpipe  i>f  an  animal,  the  mercury  will  fall,  indicating  a  nega- 
tive pressure  as  it  is  called,  during  inspiration,  anrl  rise,  indi- 
cating a  ptjsitive  pressure,  duriiiK  expirntimi,  both  fall  and  rise 
being  slight,  and  varying  according  to  the  froe<ioni  with  which 
the  air  passes  in  and  out  of  the  chest.  When  a  manometer  is 
fitted  with  airtight  closure  into  the  mouth,  or  better,  in  order  to 
avoid  the  suction-action  of  the  mouth,  into  one  nostril,  the  other 
nostril  and  the  mouth  being  closed,  and  effiirts  of  inspiration  and 
expiration  are  made,  the  mercury  falls  or  undergoes  negative 
pressure  with  inspiration,  and  rises  or  undergoes  positive  pressure 
dnringexpiratiriD.  It  has  been  found  in  this  way  thatthe  negative 
pressure  of  a  strong  inspiratory  effort  may  vary  from  30  to  74  mm., 
and  the  positive  pressure  of  a  strong  expiration  from  62  to  100  mm. 

The  total  amount  of  air  which  can  be  given  out  by  the  most 
forcihle  expinition  following  upon  a  nmet  forcible  inspiration — 
that  is,  the  sum  of  the  complemental,  tidal,  and  reserve  airs,  has 
been  called  "the  vital  capacity;*'  "extreme differential  capacity" 
is  a  better  phrase.  It  may  be  measured  by  a  modification  of  a 
gas-meter  called  a  spirometer;  and,  though  it  varies  largely,  the 
average  may  be  put  down  at  :iOOO-4000  cc.  (200  to  250  cubic 
inches). 

Of  the  whole  measure  of  vital  capacity,  about  500  cc.  (30  c. 
inch)  may  be  put  down  as  the  average  amount  of  tidal  air,  the 
remainder  being  nearly  equally  divided  between  the  coniple- 
mentiil  and  reserve  airs.  The  fjuantity  left  in  the  lungs  after 
the  deepest  expiration  amounts  to  about  1400-2000  cc. 

Since  the  respiratory  movcmenU  nre  so  caaWy  alVectcd  by  varloua  clr- 
curiii^tances,  tho  simple  fuel  of  uUi'iition  hpifi^  Uinx'ted  U>  the  brouthing 
bpincc  sufficient  to  cauae  m<:>dit1cAtionA  both  of  the  mte  niitl  dt^pth  of  the 
Tespinilion,  it  becomes  very  difficult  to  fix  iho  voluino  of  an  avenigo 
br^tb.  Thu8  various  author*  have  given  figures  vurvinc  from  03  cc.  to 
7W2  cc.  The  itatement  inndc  above  is  that  given  by  Vierordt  oa  tbo 
mean  of  observations  varying  from  177  to  600  cc. 

The  Rhythm  of  Respiration. — If  the  niovementa  of  the  col- 
umn of  tidal  air,  or  the  movements  of  expansion  and  contraction, 
or  the  fall  and  ride  of  the  iliaphragm,  be  registered,  curves  are 
obtained,  which,  while  differing  in  detail,  exhibit  the  same  gen- 
eral features,  and  more  or  less  resemble  the  curve  shown  in 
Fig.  126. 

The  movement*  of  the  coluniu  of  air  may  bo  recorded  by  introduclri)*  a 
T-piece  inl/»  Uic  trachea,  one  cro»-pieoe  being  left  open  or  connooied 
jWith  a  piece  of  India-rubber  tubing  open  at  tbo  end,  and  the  other  con- 
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aect^d  with  a  Marrry's  tambour,  or  with  a  receiver  which  in  turn  ia  con- 
iioctod  with  a  tambour,  Fig.  55,  p.  186,  and  Fig.  11*7.  Tho  movcmenU  of 
Ibc  &'luijiii  t'f  uir  iu  tht*  tiiicbea  an*  Inindinittfid  to  the  tuuibour.  the  oon* 
ft«quuiit  expiinsion^  and  contrHCliuns  of  which  are  transmitted  to  the 
recording  drum  by  moans  of  a  lever  resting  on  it.  The  movements  of 
the  chesl-walU  may  be  recordod  by  means  of  th«  recording  jttwthi'meter  of 
Bupdnn-Sund^rB«>n.  This  consists  of  a  rectangular  fniniework  cnn«tructed 
of  two  rigid  pamllol  bars  joined  at  right  angles  to  a  crocs-piece.    The  free 

Klo    126. 


>       *    a, 

Tkaiihii  III-  TuuaAtii-  llMria&rtiRi  MurxMKi«Tt  UnrAi^nut  nv  mla^ii  ut  M^aiir'a 

Pkkviutim(h  ii'if.    To  >•«  rviul  frmu  kn  lu  rlgbt. 
Jk  wliul«  ]-TW]ilrNlur;  |<Iiiim>  Ii  ooiu]>riMHl  lw<|wo«>u  m  miJ  n ;  liu|iiniH<iu,   iltiiiun;  wbiuh  (be 
lever  (InNcoudM.  vxtouUing  ftuiu  u  ti»  6,  uut)  t'xpimtitni  n-tim  b  U>  n     Thf«  iiii^luUlivtu  at  c  ar* 

ond«  of  tlic  bun,  tbo  di»tnnco  botwecMi  wlijoh  can  be  roguluted  at  pleasure, 
an  armod,  ibtMin^t  wilh  u  tauilKiur,  the  other  simply  with  un  ivury  button. 
Tho  tambour  also  boars  on  the  mclnl  plate  of  its  membrane  (Fig*.  56 
and  I'-'T.  "»')  a  smiill  ivory  bulluii  (in  place  of  the  lever  shown  in  Figs. 
65  and  127).  When  it  i»  desinyd  to  record  th**  changt^s  occurring  in  any 
diameter  uf  the  che^t,  e.  //.,  an  antem-pif>tenor  diameter  from  a  point 
in  the  (Sternum  to  a  |>oint  in  the  buck,  the  in*tnunent  ii  iiiude  to  encircle 
the  chest  somewlmt  after  the  fa^hii-n  of  a  pair  of  calipers,  the  ivory 
button  at  on«<  free  end  being  placed  on  t)iu  iipine  of  u  vertebra  behind 
and  the  tambour  at  tho  other  on  the  sternum  in  front  in  the  line  of  the 
diameter  which  is  1>oing  ntudied.  The  distance  between  the  free  ends  of 
the  instrument  boin^j  carefully  udjustod  so  that  the  button  of  tho  tambour 
pr(h.4cs  ftligbtly  on  th<>  sternum,  any  variutionn  In  the  length  of  the 
diameter  in  ()iieAtion  will,  since  the  frumewortc  of  the  tainl<our  h  imiuo- 
bile,  give  rise  t"  vnrintiono  of  pressuro  within  the  Uimbour.  The^o  varia- 
tions of  tlie  "receiving"  tuuibour,  a«  It  is  called,  are  c-^nvtiyed  by  a 
flexible  tube  c  intaining  air  to  a  second  or  •'  recording  "  tamlwur  ftimilar 
to  that  shown  in  Figs.  55  and  127,  the  lover  of  which  records  the  varia- 
tions on  a  travelling  surface.  For  the  purpose  of  measuring  the  extent 
of  thij  rtiovonients  the  instrument  must  lie  experimentally  graduuti  d. 
In  Maroy'iJ  pnenmatogmph,  a  long  elastic  chamber  Is  u«(*d  a^  a  iK'ctnrttl 
girdle.  When  the  ch'wt  expiuid.i,  the  gtMlo  is  eUmgated,  and  the  air 
within  it  rnrelb'd,  and  the  lever  of  the  tttmbour  (imnecled  with  it  de- 
ppcwed;  and  oonv^rsely.  when  the  chi'>l  cutitracts,  the  lever  is  elevated. 
The  puniirnstograjih  "f  Kick  i^  somewhat  niriiilar.  Tho  movements  of 
th(Mjiu|.lim:Xm  may  be  regi9lor<!d  by  moiius  of  a  needle,  which  i»  thrust 
thh.uirh   1 1,.'  .t.  pn'itn  so  as  to  rest  on  iho  diaphmgm,  the  head  of  the 


newur 
lioverul 


ilh   u  lever     Vnriou^    m«diflo«tiua«  of  th«w 
on  adopted  by  UiHerent  ol>servor». 
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ArriftATT*  ntB  tauko  TuriytM  or  tri  MomKitn  or  nm  Ckittm  or  An  n 

BjKnaATiiiN. 

Thp  wcianMag  in>fmta»  thiMni  !■  tint  onMawy  qr  llndir  weowBag  ■pftmftw.  Tbroyliader 
AoQTvred  wUh  mwlud  pft|wr  b  t^  okau  of  the  Mctloa-fiUlt  B»  ^i  tnfeo  nndaCkin  I7  lb* 
qiritig  riDcliwnrtt  in  C,  rvcnlalcd  by  Pbocavtt'i  nculaCor  D.  1^  aMftiw  of  the  feivw  1^  lb* 
cjUxi*%ttr  rafi  In-  n»iM<d  or  knr»r«d,  aad  by  mtmu*  of  tbe  mtK  F,  Its  igirMl  my  be  iomawl 
ur  (linif  nlalicU. 

TliL>  tnurhootomy  tatw  f,  Axm)  in  tlir  trvliHi  «jf  an  ftnlmal  i*  conn«<-u«1  bj'  lodla-mUivr 
Calling  ii,  HJtIi  B  tfUwT>[)Irci<  [uM-nnl  Iniu  Ihif  Lnrict' jur  f>.  I'nnn  iIm-oIUit  eiul  of  lh«  T  pkwct 
prtK<«eda  »  M^>nil  pki-«  ol  luMni;  A,  rho  pimI  uf  «^lilch  ain  W  olthf  r  cIimmmI  or  |i«niully  tOwUmcttd 
At  pliMWiint  l>y  nwaiu  of  tbc  Bcn*«  clAiuri  c.  FruDi  lli*-  Jiu  i<no-«*b  ■  IliinI  plvce  oi  tvUnc  ^ 
rainttrctnl  wild  a  Muvx'"  tanibnnr  nt  tM>i'  Fig.  >V>,  |»  lH/;i,  the  Irvrr  of  whit  I),  /,  wrilr*  nn  Uw 
ivct>r>lliiK  fliirf»rfl  Wben  lltr  tutfcAUatkra  tlic  luiiiual  bmalbc*  frprtj  t)l^>«lpll  Ihbv  Uld 
Uiu  uiuti'iiiriit*  111  tli«  air  (^  O,  kik)  ruiM»t|iteull>  In  Ui«  tambinir,  »re  "Hgtit.  •  *n  c1i«1d(  the 
elmfnp  c^  t)iir  aiiinuU  iHimiliM  only  tlt«'  air  ct>iitalQ««l  In  tb«  jar,  and  ihe  luuveiaeNti  *>f  Uio 
krer  of  Uv  tamUitir  bvcr^u  e«iww]Qe»ilT  mvch  iiion:>  iiurk«d. 

1I«I<>«  tbc  IcTcr  Ifi  M'cii  n  fnull  tUoi^-niarker  h,  runoecu>t]  wllb  an  rh<rtn>-Bui^i«|,  tlM  car- 
rvtil  tliniiiKb  which  niniliig;  fnnii  a  \mitmrj  }iy  the  wlrui '  untl  jr,  U  iiMilr  uul  Umlmi  by  b 
cluck%turk  ur  tnt-tnifiuiuu  ^^H 

As  is  shown  in  Fig.  126,  inspiration  begins  somewliat  suddenf^ 
and  advances  lapidly,  being  folluwed  ininieiliatolj  by  expiration 
which  is  carried  out  at  first  rapidlvt  but  afterwarJs  more  and 
more  slowly.  Such  pauses  as  are  seen  occur  l)etween  the  end  of 
expiration  and  the  beginning  of  inspiration.  In  normal  brcAth- 
ing,  hardly  any  such  pau^  exists,  but  in  cases  where  the  respira- 
tion becomes  infrequent,  pauses  of  considerable  length  may  be 
observed. 

In  what  may  be  considered  as  normal  breathing,  the  respira- 
tory act  is  repeated  about  seventeen  times  a  minute;  and  the 
duration  of  the  inspiration  as  compared  with  that  of  the  expira- 
tion fand  such  pause  as  may  exist)  is  about  as  ten  to  twelve. 

The  rate  of  the  respiratory  rhythm  varies  very  largely,  and  in 
this  as  in  the  volume  of  each  breath  it  is  very  difficult  to  fix  a 
satisfactory  average,  the  figures  given  varying  from  twenty  to 
thirteen  a  minute.  It  varies  according  to  age  and  sex.  It  b 
influenced  by  the  position  of  the  body,  btiing  quicker  in  standing 
than  in  lying,  ana  in  lying  than  in  sitting.  Muscular  exertion 
and  emotional  conditions  aflect  it  deeply.  In  fact,  almost  every 
event  which  occurs  in  the  body  may  influence  it.  We  shall  have 
to  consider  in  detail  herea^r  theujaD"^''  in  which  this  influence 
is  brought  to  bear. 

When  the  ordinary  respiratory  movements  prove  insuflicient  to 
effect  the  necessary  changes  in  the  blood,  their  rliythm  and 
character  become  changed.  Nornia>l  respiration  g\ve«  place  to 
labored  respiration,  and  this  in  tur^  *^  dyftpnoAa,  vfVich,  uulesa 
some  restorative  event  occurs,  ter/o  *  *^*''^^*,  ^^  a»Vb\xii\.  These 
abnormal  conditions  we  shalJ  study  x***^^*-'  ^^^^5  ^^TtafWr. 
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Tlie  Respiratory  Movements, 

When  the  movemenU  of  the  chest  during  normal  hreathtng 
are  watched,  it  is  seen  that  during  respiration  an  enlargement 
takes  place  in  the  anteroposterior  diameter,  the  steunum  being 
thrown  forwards,  and  at  the  same  time  moving  upward.  The 
lateral  width  of  the  chest  is  alao  increased.  The  vertical  in- 
creiiae  of  the  cavity  is  not  so  obvious  from  the  outside,  though 
when  the  movements  of  the  diaphragm  arc  watched  by  means  of 
au  inserted  needle,  the  upper  surface  of  thai  organ  is  seen  to  de- 
scend at  each  inspinition,  the  anterior  walU  uf  the  abdomen 
bulging  out  at  the  i^anie  time.  In  the  female  human  subject,  the 
movement  of  the  upper  part  of  the  chest  is  very  conspicuous, 
the  breast  rising  and  falling  with  every  respiration  ;  in  the  male, 
however,  the  movements  are  almost  entirely  confined  to  the  lower 
part  of  the  chest.  In  labored  respiratinu  all  parts  of  the  chest 
are  alternately  expanded  and  contracted,  the  nrejist  rising  and 
falling  as  well  in  the  male  as  in  the  female.  We  have  now  to 
amsider  these  several  movements  in  greater  detail,  and  to 
study  the  means  by  which  they  are  carried  out. 

Inspiration. — There  are  two  chief  means  by  which  the  chest  is 
enlarged  in  normal  iuspiration,  viz.,  the  descent  of  the  diaphragm 
and  the  elevation  of  the  ribs.  The  former  causes  that  movement 
in  the  lower  part  of  the  cheat  and  abdomen  so  characteristic  of 
male  breathing,  wliich  is  called  <liaphragmatic;  the  latter  causes 
the  movement  of  the  upper  chest  characteristic  of  female  breath- 
ing, which  is  called  costal.  These  two  main  factors  are  assisted 
by  leee  important  and  subsidiary  events. 

The  descent  of  the  diaphragm  is  effected  by  means  of  the  con- 
traction of  its  muscular  fibres.  When  at  rest  the  diaphragm 
presents  a  convex  surface  to  the  thorax ;  when  contracted  it 
becoroea  much  flatter,  and  in  couHcqucnce  the  level  of  the  cheat- 
floor  is  lowered,  the  vertical  diameter  of  the  chest  being  propor- 
tionately enlarged.  In  descending,  the  diaphragm  presses  on  the 
abdominal  viscera,  and  so  causes  a  projection  of  the  flaccid 
abdominal  walls.  From  its  attachments  to  the  sternum  and  the 
false  ribs,  the  diaphnipjm,  while  contracting,  naturally  tends 
to  pull  the  sternum  and  the  upper  false  ribs  downwards  and 
inwards,  and  the  lower  false  rit)a  upwards  and  inwards,  towards 
the  lumbar  spine.  In  normal  breathing,  this  tendency  produces 
little  effect,  being  counteracted  by  the  accompanying  general 
costal  elevation,  and  by  certain  special  muscles  to  be  mentioned 
presently.  In  forced  inspiration  however,  and  especially  where 
there  is  any  destruction  to  tJie  entrance  of  air  into  the  lungs,  the 
lower  ribs  may  be  st)  much   drawn  in  by  the  contraction   of 
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tbe   diaphrag^tii,  that  the  girth  of  the  trunk  at  thia  point   ia 
obviuuBly  (liiuiiurilmd. 

The  elevation  of  the  ribs  is  a  much  more  complex  matter  than 
tbe  descent  of  the  diaphragm.  If  we  examine  any  one  rib,  such 
as  the  fifth,  we  find  that  while  it  moves  freely  on  its  vertebral 
articulation,"  it  inclines  when  in  the  position  of  rest  in  an  oblique 
direction  from  the  spine  to  (he  sternum ;  hence  it  is  obvious  that 
when  the  rib  is  raised,  its  sternal  attachment  must  not  only  be 
carried  upward,  but  also  thrown  forwards  (Fig.  128).     Tbe  rib 


may,  in  fact,  be  regarded  as  a  radius,  moving  on  the  vertebral 
articuktliiu  as  a  centre,  and  causiug  the  eternal  attachment  to 
describe  an  arc  uf  a  circle  in  the  vertical  plane  of  the  body ;  as 
the  rib  is  carried  upwards  from  an  oblique  to  a  more  horizontal 
position,  the  sternal  attachment  must  of  necessity  be  carried 
further  away  in  front  of  the  spine.  Since  all  tbe  ribs  have  a 
downward  slanting  directlau,  they  must  all  tend,  when  raised 
towards  the  horizontal  position,  to  thrust  the  sternum  forward, 
some  more  than  others  according  to  their  slope  and  length.  The 
elasticity  of  the  sternum  and  costal  cartilaprcs,  together  with  the 
articulation  of  the  sternum  to  the  clavicle  above,  permits  the  front 
surface  of  tbe  chest  to  be  thus  thrust  forwards  as  well  a^  upwards, 
when  the  ribs  are  raised.  liy  this  action  the  antero-pt^isterior 
diameter  of  the  chest  is  enlarged. 

Since  the  ribs  form  arches  which  increase  in  their  sweep  as  one 
proceeds  from  the  lirst  downwards  as  far  at  least  as  the  seventh, 
It  is  evident  that  when  a  lower  rib  such  as  the  fifth  is  elevated 
80  u  to  occupy  or  to  approach  towards  the  [>osition  of  the  one 
i  hmi  «t  tnat  level  will  l)ecome  wider  from  side  to 
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side,  in  proportion  as  tho  Gtlh  arch  is  wtdor  than  the  fourth. 
Thus  the  elevation  of  the  rib  increases  not  only  the  antero-pos- 
terior  but  also  the  transverse  diameter  of  the  chest.  Further,  on 
account  of  the  rosiatance  of  the  rfteruum,  tho  angles  between  the 
ribs  and  tlieir  cartilages  are,  in  the  elevation  of  the  ribs,  some- 
what opened  out,  ana  thus  also  the  tranRverse  as  well  as  the 
antero-poaterior  diameter,  somewhat  increased.  In  several  ways, 
then,  the  elevation  of  the  ri))s  enlarges  the  dimensions  of  the  chest. 

The  ribs  are  raised  by  the  contraction  of  certain  muscles.  Of 
these  the  external  intercostals  are  the  most  important.  Even  in 
the  case  of  two  isolated  riba  aurh  as  tho  fif\h  and  sixth,  the  con- 
traction of  the  external  intercostal  muscle  of  the  intervening  space 
raises  the  two  ribs,  thus  bringing  them  towards  the  position  in 
which  the  fibres  of  the  muscle  have  the  shortest  length,  viz.,  the 
horizontal  one.  This  elevating  action  is  further  favored  by  the 
fact  that  the  first  rib  is  less  movable  than  the  second,  and  so 
affords  a  comparatively  fixed  base  for  the  action  of  the  muscles 
between  the  two,  the  second  in  turn  supporting  the  third  and  so 
un,  while  the  scaleni  muscles  in  addition  serve  to  render  fixed, 
or  to  raise,  the  first  two  riba.  So  that  in  normal  re8[»iratioii,  the 
act  begins  probably  by  a  contraction  of  the  acaleni.  The  first 
two  ribs  being  thus  fixed,  the  contraction  of  the  series  of  external 
intercostal  muscles  acts  to  the  greatest  advantage. 

Whiie  the  elevating — i.  e.,  inepiratory — action  of  the  external 
intercostals  is  admitted  by  all  atitlmrs,  the  function  of  the  internal 
intercostals  has  been  much  disputed,  llaller  may  be  regarded 
as  the  leader  of  those  who  regard  the  internal  intercostals  as 
inspiratory,  while  Hamberger  was  the  first  who  successfully 
advocated  the  perhaps  more  commonly  adopted  view  that  while 
those  parts  of  them  which  lie  between  the  aternal  cartilages  act 
like  the  external  intercostals  as  elevators — i.  e.^  as  inspiratory  in 
function,  those  parts  which  lie  between  the  osseous  ribs  act  as 
depressors — i.  c,  as  expiratory  in  function. 

In  the  well-known  model  invented  by  Bernoulli  and  adopted 
by  Hamberger.  consisting  of  two  rigid  bars,  representing  the 
ribs,  moving  vertically  by  means  of  their  articulations  with  an 
upright  representing  the  spine  and  connected  at  their  free  ends 
by  a  piece  representing  the  sternum,  it  is  undoubtedly  true  that 
stretcned  elastic  bands  attached  to  the  bars  (Fig.  120)  in  such  a 
way  as  to  represent  respectively  the  external  and  internal  inter- 
costals, viz.,  sloping  in  the  one  case  downwards  and  forwards  and 
in  the  other  downwards  and  backwards,  do,  on  being  left  free  to 
contract,  in  the  former  cuse  elevate  and  in  the  latter  depress  the 
ribs.  Such  a  model  however  df>es  not  fairly  represent  the 
natural  cimditions  of  the  ribs,  which  are  uot  straight  and  rigid^ 
but  i)ecuUarly  curved  and  of  varying  elasticity,  capable  more* 
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over  of  rotation  on  their  own  axea,  and  having  their  movements 
determined  by  the  character*  of  their  vertebral  articulations. 
The  meehanicu)  conditions  in  fact  of  the&e  muscles  are  so  com- 
plex, that  a  deduction  of  their  actions  from  simple  mechanical 
principles,  or  from  the  direction  of  the  fibres,  must  be  exceedingly 
difficult  and  dangerous.  Actual  experiments  on  the  cat  and  dog 
tend  to  show  that  in  these  animals  the  contraction  of  the  internal 
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a  wmI  ft  tmptvttfnt  cruw-Imn,  artknlatiDfr  on  the  TflrtloU  l«r  ir ;  *  (r  *ti>1  w»tn  two  i 
tNUiib^  whli-li  rafirownit  nsprctlvrlj  thn  vsli-rnal  ainl  InU-ruai  IoU*n:4«t«l  ntturltw.  PUgnm 
A  rfi|fr4'fiiU  111"  miiNrlM  hi  «  «ui«  (if  rest.  If,  otiw.  iliit  bUHl  x  and  $  wa»  fhp«<  (u  O'litmf-I,  tt 
bi  obvluua  tliMt  ta  or«lrr  lu  alUlu  lt«  tlu>rt<«t  tmifth,  It  would  MRime  &  puclliuii  a*  In  diafTTW 
C.  If,  n<'W,  th(?  I«tiil  te  ami  x  wiu  fn^^  lt>  miin>,  Uir  (-urirffrsa  wouli)  take  pbice  of  irluki  ww 
Moti  whan  z  *ii<I  y  IxTniiir  dhorlenrd.    Thus,  In  illBcnni  ft.  tlir  rmw-lian  «rv  Aefiniawd. 

Tlit<  ImikU  m  ftiiilyi>tiin.^-rii  the*  •iiorruil  iHttrruiuU  miurKui,  whk-li.  by  ei>Dtnrtk>»,  elc>i«ai 
th»  rltM.  TW  IjhiiiU  «•  uikI  i  rvjin-w-nl  the  inlrnml  InU'irrMtnU,  wlili-Ji,  hjf  nautnwtli^  il»- 
^roMUio  rEU.J 

intercostals,  along  their  whole  length,  lakes  place,  in  point  of 
time,  alternately  with  that  of  the  diaphragm,  aud  tbufi  aiford  an 
argument  in  favor  of  these  muBcles  being  expiratory  in  function. 

Next  in  importance  to  the  external  intercoslals  come  the  leva- 
torea  coetarum,  which,  though  small  muscles,  are  able,  from  the 
neamees  of  their  costal  insertions  to  the  fulcrum,  to  pro<luce 
considerable  movement  of  the  eternal  ends  of  the  ribs.  The 
external  intercosUiIa  and  the  levatorea  costarum  with  the  scsleni 
may  fairly  be  8ai*l  to  be  the  elevators  of  the  ribs — i.  c,  the  chief 
muscles  i/f  (.-•^'^t;it  iiispiratioD  in  normal  breathiug. 

Addiiidi:  I  the  transverHe  diameter  is  aHbrded  ]>robably 

bv  '*'"  •■■''  '■  ''bi*  on  an  untero-]n>8teriijr  axis;  but  this 

i,  iiiry  aud  uniraporlixut.     Wlien  the  chest 

1-  ;  I'wlml  inrHne<i  with  their  lower  borders 

na  downwards.  When  they  are  drawn 
tin  intercostal  muscles,  their  lower  borders 
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are  everted.     Thus  their  flat  siHca  are  presented  to  the  thoracic 
cavity,  which  is  thereby  Hiightly  iucreji«ed  in  width. 

Labored  Inspiration. — When  respiration  becomes  labored, 
other  muscles  are  broujrht  into  play.  The  scaleoi  are  strongly' 
contracted,  so  as  to  raise  or  at  least  give  a  very  fixed  support  to^ 
the  first  'and  second  ribs.  lu  the  same  way  the  eerrrUus  posHcuJti 
mperior,  which  descends  from  the  fixed  spine  in  the  lower  cervical 
and  upper  dorsal  regions  to  the  second,  third,  fourth,  and  fifth 
rihs,  by  its  contractions  raises  those  ribs.  In  lftlK>red  breath- 
ing a  function  of  the  lower  false  ribs,  not  very  noticeable  in  easy 
breathing,  comes  into  play.  They  are  depressed,  retracted,  and 
fixed,  thereby  giving  increased  support  to  the  diaphragm,  and 
directing  the  whole  energies  of  that  muscle  to  the  vertical  en- 
largement of  the  chest.  In  this  way  the  fterraius  poslictis  inferior, 
which  pasKes  upward  from  the  lumbar  aponeurosis  to  the  last 
four  ribs,  by  depressing  and  fixing  those  ribs  becomes  an  adju- 
vant inspiratory  muscle.  The  ijuadratus  luviborum.  and  lower 
portions  of  the  mero-lumhalia  may  have  a  similar  function. 

All  these  muscles  may  come  into  action  even  in  breathing, 
which,  deeper  than  usual,  can  hardly,  i>erhap9,  be  called  labored. 
When,  however,  the  need  for  greater  inspiratory  efforts  becomea 
urgent,  all  the  muscles  which  can,  from  any  fixed  point,  act 
in  enlarging  tho  client,  oome  into  play.  Thus,  the  arras  and 
shoulder  being  fixwl,  the  8errahis  magmis  passing  from  the  scapula 
to  the  middle  of  the  first  eight  or  nine  ribs,  the  pedoralu  minor 
IMissing  from  the  coracoid  to  the  front  parts  of  the  third,  fourth, 
and  filUi  ribs,  the  peetoralU  major  passing  from  the  humerus  to 
the  costal  cartilages,  from  the  second  to  the  sixth,  and  that  por- 
tion oi'  the  latimmus  dorn  which  passes  from  the  humerus  to  the 
last  three  ribs,  all  serve  to  elevate  the  ribs,  and  thus  to  enlarge 
the  chest.  The  stemo-maatoid  and  other  muscles  passing  from 
the  neck  to  the  sternum,  are  also  called  into  action.  In  fact, 
every  muscle  which  by  its  contraction  can  either  elevate  the  ribs 
or  contribute  to  the  fixed  support  of  muscles  wliicb  do  elevate 
the  ribs,  such  as  the  trapezius,  levator  anguJi  scapulie  and  rhom- 
boidei  by  fixing  the  scapula,  may,  in  the  inspiratory  efiforta  which 
accompany  dyspnoea,  be  brought  into  play. 

Expiration. — In  normal  easy  breathing,  expiration  is  in  the 
main  a  simple  effect  of  elastic  reaction.  By  the  inspiratory  efifort 
the  elastic  tissue  of  the  lungs  is  put  on  the  stretch  ;  so  long  as 
the  inspiratory  muscles  continue  contracting,  the  tissue  remains 
stretched,  but  directly  those  muscles  relax,  the  elasticity  of  the 
lungs  comes  into  play,  and  drives  out  a  portion  of  the  air  con- 
taine<i  in  them.     Similarly  the  elastic  :^teruum  and  costal  carti- 
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lagefi  are  by  the  elevation  of  the  ribs  put  on  the  stretch — they 
are  driven  into  a  position  which  is  unnatural  to  them.  When 
the  intercoetal  and  other  elevator  muecles  cease  to  contract,  the 
elasticity  of  the  sternum  and  costal  cartilages  causes  them  to 
return  to  their  previous  position,  thus  depreesing  the  nbe,  and 
diminishing  the  dimeusious  of  Uie  chest.  When  the  diaphragm 
descends,  in  pushing  down  the  abdominal  viscera,  it  puts  the  ah- 
domiual  walls  on  the  stretch — and  hence,  when  at  the  end  of  in- 
spirutiou  the  diaphragm  relaxes,  the  abdominal  walls  return  to 
their  place,  and  by  pressing  on  the  abdominal  viscera,  push  the 
diaphragm  u[)  again  into  its  position  of  rest.  Expiration  then 
is,  in  the  main,  simple  elastic  reaction  ;  but  there  is  probably 
some,  though  possibly  in  most  cases,  a  very  slight  expenditure  of 
muscular  energy  to  bring  the  chest  more  rapidly  to  its  former 
condition.  This  la,  as  we  have  seen,  supposed  by  many  to  be 
afforded  by  the  internal  intcrcostala  acting  as  depreasors  of  the 
ribs.  If  these  do  not  act  in  this  way,  we  may  suppoee  that  the 
elastic  return  of  the  abdominal  walla  is  accompanied  and  aa^isted 
by  a  contraction  of  the  abdominal  musclea.  The  triangularis 
filerni,  tlie  eflect  of  whose  contraction  is  to  pull  duwn  the  coetal 
cartilages,  may  also  be  regarded  as  an  expiratory  muscle. 

When  expiration  becomes  labored,  the  abdominal  muscles  be- 
come important  expiratory  agents.  By  pressing  on  the  contents 
of  the  abdomen,  they  thrust  them,  and,  therefore,  the  diaphragm 
also  up  towards  the  chest,  the  vertical  diameter  of  which  is 
thereby  lessens),  while  by  pulling  down  the  internum,  and  the 
middle  and  lower  ribs  they  lessen  also  the  cavitv  of  the  chest  in 
its  antero-posterior  and  transverse  diameters.  They  are,  in  fact, 
the  chief  expiratory  muscles,  though  they  are  doubtless  assisted 
by  the  serratus  posticus  inierior  and  portions  of  the  sacro-lum- 
balis,  since  when  the  diaphragm  is  not  contracting,  the  depres- 
sion of  the  lower  ribs — which  the  contraction  of  tnesc  muscles 
causes — serves  only  to  narrow  the  chest.  As  expiration  becomes 
more  and  more  forced,  every  muscle  in  the  body  which  can  either 
by  contracting  depress  the  ribs,  or  press  on  the  abdominal  viscera, 
or  afford  tixed  support  to  the  muscles  having  those  actions,  is 
called  into  play. 

Facial  and  Laryngeal  Eespiration. — The  thoracic  respiratory 
movements  are  accompanied  by  associated  respiratory  move- 
ments of  other  parts  of  the  body,  more  particularly  of  the  taoe 
and  of  the  glottic. 

In  normal,  healthy  respiration,  the  current  of  air  which  passes 
in  and  out  of  the  lungs,  travels,  nut  through  the  nidutn  but 
through  the  nose,  chiefly  through  the  lower  nasal  meatus.  The 
ingoing  air,  by  exposure  to  the  vascular  mucous  membrane  of  the 
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narrow  and  winding  nasal  passages,  is  more  efficiently  warmed 
than  it  would  be  if  it  paaeed  through  the  mouth  ;  and  at  ihe 
same  time  the  mouth  is  thereby  protected  from  the  desiccating 
effect  of  the  continual  inroad  of  comimratively  <lry  uir. 

During  each  inspiratory  effort  the  nostrils  are  expanded  prob- 
ably by  the  action  of  the  dilatores  naris,  and  thus  the  entrance 
of  air  facilitated.  The  return  to  their  previous  condition  during 
expiration  is  effected  by  the  elasticity  of  the  nasal  cartilages, 
assisted,  perhaps,  by  the  compressores  naris.  This  movement  of 
the  nostrils,  perceptible  in  many  people,  even  during  tranquil 
breathing,  becomes  very  obvious  in  labored  reapiration. 

When  the  mouth  is  closed,  the  soft  palate  which  is  held  some- 
what tense,  is  swayed  by  the  respiratory  current,  but  entirely  in  a 
pasaive  manner,  and  tt  is  not  until  the  larynx  is  reached  by  the 
ingoing  air  that  any  active  movements  are  met  with.  When  the 
larynx  is  examined  with  the  laryngoscope,  it  is  fre4uently  seen 
that,  while  during  inspiration  the  glottis  is  widely  open,  with 
each  expiration  the  arytemiid  cartilages  approach  each  other  so 
as  to  narrow  the  glottis,  the  cartihiges  of  Santorini  projecting 
inwards  at  the  same  time.  Thun,  synchronous  with  the  respira- 
tory expansion  and  contraction  of  the  chest,  and  the  respiratory 
elevation  and  deprciision  of  the  ahe  nasi,  there  is  a  rhythmic 
widening  and  narrowing  of  the  glottis.  Like  the  movements  of 
the  noetrii,  this  respiratory  action  of  the  glottis  is  much  more 
evident  in  labored  than  in  tranquil  breathing.  Indeed,  in  the 
latter  caae  it  is  frequently  absent.  The  manner  in  which  this 
rhythmic  opening  and  narrowing  are  effected  will  be  described 
when  we  come  to  study  the  production  of  the  voice.  Whether 
there  exists  a  rhythmic  coutniction  and  expansion  uf  the  trachea 
and  bronchial  passages  effected  by  means  of  the  plain  muacuhir 
tissue  of  those  organs  and  synchronous  with  the  napiratory 
movements  of  the  chest,  is  uncertain. 


Sec.  2. — Changes  op  the  Air  in  Respiration. 


During  its  stay  in  the  lungs,  or  rather  during  its  stay  in  the 
bronchial  passages,  the  tidal  air  (by  means  of  diffusion  chiefly) 
effects  exchanges  with  the  stationary  air;  in  consequence,  the 
expired  air  differs  from  inspired  air  in  several  important  par- 
ticulars. 

1.  The  temperature  of  expired  air  is  variable,  but  under  ordi- 
nary circumstances  is  higher  than  that  of  the  inspired  uir.  At 
an  average  temperature  of  the  atmosphere,  for  instance  at  about 
20°  ('.,  the  temperature  of  expired  air  is,  in  the  mouth,  33.9^ ;. 
in  the  ooee,  'Sd,h'^.     When  the  external  temperature  is  low,  that 
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of  the  expired  air  einks  somewhat,  hut  not  to  any  great  extent; 
thus, at— 6.3°  C.  it  is  29.8'^  C.  When  the  external  temperature 
ia  high,  the  expired  air  may  become  cooler  than  the  inspired; 
thua,  at  41.9^  it  was  found  by  Valentin  to  be  38.1^.  The  exact 
temperature,  in  fact,  depends  on  the  relative  temperatures  of  the 
blood  and  inspired  air,  and  on  the  depth  and  rate  of  breathing. 

2.  The  expired  air  is  loaded  with  aqueous  vapor.  The  point 
of  sfttiiration  of  any  gaa — that  is,  the  utmost  quantity  of  water 
which  any  given  volume  of  gaa  can  take  up  as  aoue^ius  vap<»r — 
varies  with  the  temperature,  being  higher  with  the  higher  tem- 
perature. For  its  own  temperature,  expired  air  is,  according  to 
most  observers,  saturated  with  aqueous  vapor. 

3.  When  the  total  quuntity  of  tidal  air  given  out  at  any 
expiration  it;  L-om|)Hred  with  that  taken  in  at  Die  corresponding 
inspiration,  it  is  found  that,  both  being  dried  and  measured  at 
the  same  pressure,  the  expired  air  is  less  in  volume  than  the  io- 
spired  air,  the  difference  amounting  to  about  ^th  or  ^jyth  of  the 
volume  of  the  latter.  Hence,  when  an  auimal  is  made  to  breathe 
in  a  contiued  space,  the  atmosphere  is  absolutely  diminished,  aa 
was  observed  so  long  ago  as  1674  by  Mayow.  The  approximate 
equivalence  in  volume  between  inspired  and  expired  air  arises 
from  the  fact  that  the  volume  of  any  given  quantity  of  carbonic 
acid  is  equal  to  the  volume  of  the  oxygen  consumed  to  produce 
it;  the  slight  falling  short  of  the  expired  air  is  due  to  the  cir- 
cumstance that  all  the  oxygen  inspired  does  not  reappear  in  the 
carbonic  acid  expired,  some  having  formed  other  combinations. 

4.  The  expired  air  contains  about  four  or  five  per  cent,  less  oxy- 
gen, and  about  four  per  cent,  more  carbonic  acid  than  the  inapirod 
air,  the  quantity  of  nitrogen  suffering  but  little  change.     Thua 


Ox}rc«i). 

NItrigeD. 

OutwokAoliL 

Inspired  air  contain* 
Expirod  air  contains 

.     20.81 
,     16.033 

70.16 

70.687 

0.04 

4.880 

The<mantity  of  nitrogen  in  the  expired  air  is  sometimes  found 
to  be  slightly  greater,  as  in  the  table  above,  but  sometimes  less, 
than  that  of  the  inspired  air. 

in  a  single   breath  the  air  is   richer  in  carbonic  acid  (and 

Crer  in  oxygen)  at  the  end  than  at  the  l>eginning.  Hence  the 
^r  the  breath  is  held,  the  greater  the  pause  between  inspira- 
tion and  expiration,  the  higher  the  pproenlage  of  carbonic  acid 
in  the  expired  air.  Thua,  by  increasing  the  interval  between 
two  expirations  to  100  seconds,  the  percentage  may  be  raised  to 
7.5.  When  the  rale  of  breathing  remains  the  same,  by  increas- 
ing the  depth  of  the  breathing  the  percentage  of  carbonic  acid  in 
each  brealn  ia  lowered,  but  the  total  quantity  of  carbonic  acid 
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expired  in  a  given  time  is  increased.  Similarly,  when  the  depth 
of  breatli  reiuaiua  the  same,  by  quickening  the  rate  the  percent- 
age of  carbonic  acid  in  each  hrenth  is  lowered,  but  the  quantity 
expired  in  a  given  time  is  increased. 

Taking,  as  we  have  done,  at  500  c.c.  the  amount  of  tidal  air 
pastiing  in  and  out  of  the  chest  of  an  average  man,  such  a  person 
will  expire  about  22  c.c  of  carbonic  acid  at  each  breath;  this^ 
reckoning  the  rate  of  breathing  at  17  a  minute,  would  pve  over 
500  litrea  of  carbonic  acid  for  the  day's  production.  By  actual 
experiment,  however,  T*ettenkofer  and  Voit,  of  whose  researches 
we  shall  have  to  speak  hereafler,  determined  the  total  daily  ex- 
cretion of  carbonic  acid  in  an  average  man  to  be  800  grms. — 
t,  e.,  rather  more  than  400  litres  (406),  containing  218.1  grras. 
carbon,  and  581.^  grms.  oxygen,  the  oxygeu  actually  consumed 
at  the  same  time  being  about  700  grms.  This  amouut  represents 
the  gases  eiven  out  and  taken  in,  not  bv  the  lungs  only,  but  by 
the  whole  Dody;  but  the  amount  of  carlionic  acid  given  out  by 
the  skin  is,  as  wo  shall  see,  very  slight  (10  grme,,  or  even  less), 
BO  that  800  grms.  may  be  taken  as  the  average  production  of 
carbonic  acid  by  an  average  man.  The  quantity,  however,  both 
of  oxygen  consumed  and  of  carl>onic  acid  given  out,  is  subject 
to  very  wide  variations;  thus,  in  Pettenkofer  and  Voit*8  observa- 
tions, the  daily  quantity  of  carbonic  acid  varied  from  686  to 
1285  grms.,  and  that  of  the  oxygen  from  504  to  1072  grms. 
Tbeee  variations  and  their  causes  will  be  discussed  when  we  come 
to  deal  with  the  problems  of  nutrition. 

5.  Besides  carbonic  acid,  expired  air  contains  various  impuri- 
ties, many  of  an  unknown  nature,  and  all  in  small  amounts. 
Traces  of  ammonia  have  been  detected  in  expired  air,  even  in 
that  taken  directly  from  the  trachea,  in  which  case  its  presence 
could  not  be  due  to  decomposing  food  lingering  in  the  mouth. 
When  the  expired  air  is  condensed  by  being  conveyed  into  a 
cooled  receiver,  the  aqueous  product  is  found  to  contain  organic 
matter,  and  rapidly  to  putrefy.  The  organic  substances  thus 
shown  to  be  present  in  the  expired  air  are  the  cause  in  part  of 
ihe  odor  of  breath.  It  is  probable  that  many  of  them  are  of  a 
poisonous  nature;  for  an  atmosphere  coiitaiuing  Bim[)ly  one  per 
cent,  of  carbonic  acid  (with  a  corre-sfMtnding  diminution  of  oxy- 
gen) has  very  little  elfect  on  the  animal  ecouoniy;  whereas,  an 
atmosphere  in  which  the  carbonic  acid  has  l>cen  raised  to  one  per 
cent,  by  breathing,  is  highly  injurious.  In  fact,  air  rendere*!  so 
far  impure  by  breathing  that  the  carbonic  acid  nmountti  to  0.08 
per  cent  is  distinctly  unwholesome;  not  so  much  on  account  of 
the  carbonic  acid,  as  of  the  accompanying  impuriCiea.  Since 
these  impurities  are  of  unknown  nature,  and  cannot  be  estimated, 
the  easily  determined  carbonic  acid  is  usually  taken  as  the  meas- 
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ure  of  their  presence.  We  have  seen  that  the  average  man 
loads,  at  each  hreatb,  500  c.c.  of  air  with  carbooic  acid  to  the 
extent  of  four  per  cent.  He  will  accordingly  at  each  breath 
load  two  litres  to  the  extent  of  one  per  cent.;  and  in  one  hour, 
if  he  breathe  seventeea  times  a  minute,  will  load  rather  more 
than  2000  litres  to  the  eamo  extent.  At  the  very  least,  then,  a 
man  ought  to  be  supplied  with  this  quantity  of  atr  hourly;  and 
if  the  air  is  to  be  kept  fairly  wholesome — that  is,  with  the  car- 
bonic acid  reduced  considerably  below  0.1  per  cent. — he  should 
have  even  more  than  ten  times  as  much. 


8eo.  3. — The  KESPtRATORY  Changes  is  the  Blood. 

While  the  air  in  passing  iu  and  out  of  the  lungs  is  thus  robbed 
of  a  portion  of  its  oxygen,  and  loaded  with  a  certain  quantity  of 
carbonic  acid,  the  blood  as  it  streams  along  the  pulmonary  capil- 
laries undergoes  important  correlative  changes.  As  it  leaves  the 
right  ventricle  it  is  venous  blood  of  a  darlc  purple  or  maroon 
color ;  when  it  falls  into  the  lefl  auricle,  it  is  arterial  blood  of  a 
bright  scarlet  hue.  In  passing  through  the  capillaries  of  the 
body  from  the  lefl  to  the  right  side  of  the  heart,  it  is  again 
changed  from  the  arterial  to  the  venous  condition.  We  have  to 
inquire,  What  are  the  essential  diHerences  between  arterial  and 
venous  blood,  by  what  meaus  in  the  venous  blood  changed  into 
arterial  in  the  lungs,  and  the  arterial  into  venous  in  the  rest  of 
the  body,  and  what  relations  do  these  changes  in  the  blood  bear 
to  the  changes  in  the  air  which  we  have  already  studied? 

The  facts,  that  venous  blood  at  once  becomes  arterial  on  being 
exposed  to  or  shaken  up  with  air  or  oxygen,  and  that  arterial 
blood  becomes  venous  when  kept  for  some  little  time  in  a  closed 
vessel,  or  when  submitted  U->  a  current  of  some  indifferent  gas, 
such  as  nitrogen  or  hydrogen,  prepare  us  for  the  statement  that 
the  fundameutul  diflercnce  between  venous  and  arterial  blood  is 
in  the  relative  proportion  of  the  oxygen  and  carbonic  acid  gases 
contained  in  each.  From  both,  a  certain  quantity  of  gas  can  be 
extracted  by  means  which  do  nut  otherwise  materially  alter  the 
constitution  of  the  blood;  and  thi«  gas  when  obtained  from 
arterial  bloo<I  is  found  to  contain  more  oxygen  and  less  carbouic 
acid  than  that  obtained  from  venous  blood.  This  is  the  real 
differential  character  of  the  two  bloods;  all  other  differences  are 
either,  as  we  shall  see  to  be  the  case  with  the  color,  dependent  on 
this,  or  are  unimportant  and  fluctuating. 

Tf  the  quantity  of  gas  which  can  be  extracted  by  the  mercuri&I 
air-j>ump  from  100  vols,  of  bK>oti  he  measuretl  at  0"  C,  and  a 
pressure  of  760  mm.,  it  is  found  to  amount,  in  round  numbers,  to 
GO  vole. 
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DiAoiuiiHATii:  Iu.r*n*TiuK  or  Ltmwia'a  UmBcmuAi.  Om-plit?. 
Xmai  lltrt  Iwn  tflam  ifl<>be«,  i-oDltcrltil  t>y  vtroll^  Iu<lift-ru1>U'r  MiUw,  a  an  J  b,  willi  Imm 
nluifUr  g|ju«  ^Ii>Ih-«  A'  Hn<l  fi^  A  ia  furUM-r  ctiDiiM;!)^  t>^-  means  of  the  «t<r|>c<)rh  r,  witli  tltr 
nK**iv9r  C  c«>iitjutiiii)[  Oip  bUo>l  [or  •■tlirr  lliiM)  Ut  Ui  aiuiljxisl,  nm)  II  by  ni«>iiiia  uf  (ho  vttij^- 
ctK'k  d  Aiid  lutiO  4  wiib  ilj<-  n>c«JVLT  I<  r>>r  n<c^tv|]kg  Ibv  gun.  A  ami  11  un>  aim-  roi)ti(.H.-|«<) 
with  nch  lAiwT  b;  tuotli*  of  Ih"  »l<i|H*>K-kK/  ami  j^,  thn  IntlL-r  Ixifnit  pi>  HimnpHl  tbnt  H  alsu 
ronunntdftotai  with  U'  by  Ibc  pii—ge  ^.  A'  and  It'  \^ng  full  uf  DiPirurr,  aii<1  Uio  rocktt 
^  /,  y,  «nJ  ;!  beiofc  upvih  but  c  and  /  r1rpM<«l,  od  rnbdig  A'  l>;  nicJLii*  uf  tbo  jiulloj  p,  Ihu 
inerctir>'  nf  A'  flIU  A,  ilrivliig  <tut  tlie  nir  umialnwl  hi  It,  liihi  B,  tiivl  «■  i>ul  thrnngb  «.  Wlieu 
thu  mt'irury  hu  liM-ii  oIm^c  i^  /  is  c\imc*\,  unl  /  N>lDg  opeued,  B'  U  in  turn  rsiwd  UI)  B  b 
«ffni>li'i<i]y  Alltel  vtiib  mt-r>-iirr,  alt  ibo  air  jtivviuunl;  in  it  IwinK  tirivt-u  mui  ihmuich  e.  V\K>a 
lug  rf  ami  Iimt-iine  IV,  thn  wholo  nf  ibe  tnrrrunr  lit  B  fnlU  in  W,  antl  a  vncunm  ritiue- 
b  »laMiftb><«l  in  U  On  •  |ii«iu^  /  but  0fM<fiJng  ff,  /,  am)  L,  and  Inwi'iiajj  A',  a  voL-nnin 
r>i|Hllarly  twlatiliibMl  In  A  and  tii  Uto  JnncUou  lx.'tw<H!n  A  and  B.  If  tbu  ciK-k  c  b«  now 
tbc  gwMia  of  tUi!  IjIixmI  lu  0  oacupe  into  tbe  Tacuum  of  A  and  B.  By  miilng  A',  ait«r 
Ibv  rbmirv  of  p  and  opening  of  d,  the  goiiM  aa  vt  rn>»  arr<  dHvi'h  fnim  A  ItAo  Vk,  wn&Xc^  ^dcsft 
nlilMc  uf  B'  bxim  B,  ibroagh  i  into  tb*  raoeiiw  t>,  tfaiMitng,  mw  imccu^i  . 
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The  racuuni  produced  by  the  orcliiitirv  mechanical  lur-pump  is  insuffi- 
cient  to  extrnct  all  th&  giis  from  t>li>od  llcncc  it  becomes  neoeiisary  lo  use 
either  a  large  Torricellian  vacuum  or  a  Sprengel's  pump.  In  the  former 
(Fig.  130)  case  two  lat^e  globes  of  u:la&s.  une  Hied  aud  the  other  movable, 
are  conmxtt^d  hy  a  lluxiblc  tube;  ihii  Axed  f^lobe  is  made  to  a^mmunicHte 
by  means  of  alr-tight  ?^)pcockl^  alternntoly  with  a  receiver  containing 
the  blood,  and  with  a  receiver  lo  collect  the  gas.  When  the  movable 
globe  tilled  with  mercury  i?  raised  above  the  fixed  one,  the  mercury  from 
the  former  runs  into  and  completely  fills  the  latter,  the  uir  previously 
present  being  driven  out.  Aftur  adjusting  the  cocks,  the  movable  globe 
IS  then  denrejised  thirty  inches  below  the  fixed  one,  in  which  the  eonso- 
qucnt  fall  of  the  niercurv  produces  an  almost  complete  vacuum.  By 
turning  the  proper  cock  this  vacuum  is  put  into  connection  with  the  re- 
ceiver conUiining  the  blood,  which  thereupon  becomes  prnportionately 
exhausted.  By  again  adjusting  the  cocks  and  once  more  efpvating  the 
movable  globe,  the  gus  thus  extracted  is  driven  out  of  the  fixed  globe 
into  a  receiver.  The  vacuum  is  then  once  more  established  ana  the 
operation  repeated  m  long  as  gas  continues  to  be  given  oH'  from  the  blood. 
This  form  of  pump,  inlruduoed  bv  Ludwig,  or  a  modlHcalinn  of  it.  witb 
drying  appuratuK,  employed  by  rfliiger,  or  a  similar  form  introduced  by 
Frcncn  observers,  is  the  one  which  has  been  hitherto  most  extensively 
used,  but  a  Sprengel's  pump  is  preferred  by  some. 

The  average  compoaitiou  of  this  gas  in  the  two  kinds  of  blood 
IS,  stated  iu  round  uumbera,  as  follows: 


From  190  volumes 

or  myiP'O, 

Of  arterial  blood,      20  vols. 
Of  vonouft  blood,        8  to  V*  vols. 
All  menAurod  at  7fiO  mm.  and  0®  C. 


may  be  obtained 

of  TArUmk  acl<l,  Of  Qltro(fvn, 

40  vols.  1  to  2  vols. 

46  vols.  1  to  2  roll. 


That  ia  to  aay,  venous  blood,  as  compared  with  arterial  b]oo<1 
contains  from  8  to  12  per  cent,  less  oxygen  and  6  per  cent,  more 
carboiiEc  aci<t.  But  the  gases  of  venous  blood  are  much  more 
variahie  than  those  of  arterial  blood. 

It  will  be  convenient  to  consider  the  relations  of  each  of  theee 
gases  separately. 

The  Rclaiiona  of  Oxygen,  in  Uie  Bloods 

When  a  liquid  such  as  water  is  expoeed  to  an  almosphere 
containing  a  gas,  such  as  oxygen,  some  of  the  oxygen  will  be 
disHoIved  iu  the  water — that  is  to  say,  will  be  absorbed  from  the 
atmosphere.  The  quantity  which  is  so  absorbed  will  depend  on 
the  quantity  of  oxygen  which  is  in  the  atmosphere  above — that 
is  to  say,  on  the  pressure  of  the  oxygen  ;  the  greater  the  pressure 
of  the  oxygen,  the  larger  the  amount  which  will  be  absorbed.  If 
on  the  other  hand  water,  already  containing  a  good  deal  of 
oxygen  dissolved  in  it,  be  exposed  to  an  atmosphere  containing 
little  or  no  oxygen,  the  oxygen  will  escape  irom  the  water  into 
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the  atmosphere.  The  oxygen,  in  fact,  which  is  iliaaolved  in  the 
water  is  in  a  state  of  tension,  the  tlcgree  of  teni!ion  licpcnrlingon 
the  quantity  dissolved;  and  when  water  containing  oxygen  dis- 
solved in  it  is  exposed  to  any  atmosphere,  the  result — that  i;*, 
whether  the  oxygen  escapes  from  the  water  into  the  atmosphere, 
or  passes  from  the  atmoephere  into  the  water — depends  on  whether 
the  tension  (»f  the  oxygen  in  the  water  is  greater  or  less  than  the 
pressure  of  the  oxygen  in  the  atmosphere.  Hence,  when  water 
IS  exposed  to  oxygen,  the  oxygen  either  escapes  or  is  absorbed 
until  equilibrium  is  established  between  the  pressure  of  theoxygen 
ID  the  atmosphere  above  and  the  tension  of  the  oxygen  in  the 
water  below.  This  result  is,  as  far  as  mere  absorption  and  escape 
are  concerneti,  quite  independent  of  what  other  gases  are  present 
in  the  water  or  in  the  atmosphere.  Suppose  a  half-litre  of  water 
were  lying  at  the  bottom  of  a  two-litre  flask,  and  that  the  atmos- 
phere in  the  llask  above  the  water  was  one-third  oxygen  ;  it 
would  make  no  ditference,  as  far  as  the  absorption  of  oxygen  by 
the  water  was  concerned,  whether  the  remaining  two-thirds  of 
the  atmosphere  was  carbonic  acid,  or  nitrogen,  or  hydrogen,  or 
whether  the  space  above  the  water  was  a  vacuum  filled  to  one- 
third  with  pure  oxygen.  Hence,  it  is  said  that  the  absorption  of 
any  gas  depends  on  the  partial  pressure  uf  that  gas  in  the  atmos- 
phere to  wnich  the  liquid  is  exposed.  This  is  true  not  only  of 
oxygen  and  water,  but  of  all  gases  and  liquids  which  do  not  enter 
iato  chemical  combination  with  each  other.  Different  liquids 
will,  of  course,  absorb  different  gases  with  differing  readiness; 
but,  with  the  same  ga:^  and  the  same  liquid,  the  amount  absorbed 
will  depend  directly  on  the  partial  pressure  of  the  gas.  It  should 
be  added  that  the  process  is  much  influenced  by  temperature. 
Hence,  to  state  the  matter  generally,  the  absorption  of  any  gas 
by  any  liquid,  will  depend  on  the  nature  of  the  gas,  the  nature 
of  the  Ii<|uid,  the  pressure  of  the  gas,  and  the  temperature  at 
which  both  stand. 

Now,  it  might  be  supposed,  and  indeed  was  once  supposed,  that 
the  oxygen  in  the  blooci  was  simply  dissjlved  by  the  blood.  If 
this  were  so,  then  the  amount  of  oxygen  present  in  any  given 
quantity  of  blood  exposed  to  any  given  atmosphere,  ought  to 
rise  and  fail  steadily  and  regularly  as  the  partial  pressure  of 
oxygen  in  that  atmosphere  is  increased  or  diminished.  But  this 
is  found  not  to  be  the  case.  If  we  expose  btoiid  containing  little 
or  no  oxygen  to  a  succession  of  atmo&i>liere8  containing  increas- 
ing quantities  of  oxygen,  we  tiud  that,  at  first,  there  is  a  very 
rapid  absorption  of  the  available  oxygen,  and  then  this  some- 
what suddenly  ceases  or  becomes  very  small;  and  if,  on  the  other 
hand,  we  submit  arterial  blood  to  successively  diminishing  press- 
ures, we  find  that  for  a  long  time  very  little  is  given  off,  and 
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Whea  eeparated  hwu  the  other  iiMttiliiiali  of  the 

appean  at  a  ailMlaiice.  either  amorpheot  or  crjital- 
'  aolable ' 


liMpfeadUj 


ID 


Cfapeftally  ia  wana  water  aiid  ia 


it  aolaMe  ta  mnm,  ud  ihic«  tlic  Ueasit3r«rtke 

iijilih  ut— n>d  iiuMifniitly  vtUuii  tbc cofiiMel«  vitk  Hiim  T>^?trH 
la  olhar  vm  ilwvttlitt  tlw  IhnaagMta  ta  it  uuu  ta  t^  eorpiMefeM 
Ifca  MMA  tbrag  M  Uwt  vhicb  u  lutificbn^  ynpmnd  ftoa  Uood,  It  Is 
•▼Utart  that  Mni»  |)«ralwr  rv1aUc»nili$pb*Kweai  IM  itiottwaad  ikt  bHao- 
glaMa  maitt  la  netunl  blood,  keep  ibe  kit«r  frow  Wbi;  diaelTed  by 
tiM  Mrttm.  Hfncv  ia  prepajisg  tuunoglofaaa  it  ■  ntommij  int  of  all  to 
WMfcu;  (ida.     Tbu  mfty  b«  done  by  Um  ■^i&io«  of  vmter,  of 

tIbiT,  *'^  -  'n,  or  of  bile  «Iu.  lt  by  repoiaedly  freeziiir  &ikd  lluw- 

Ing.  It  It  ■<■"  of  wlranUgc  prerioatly  to  rCMore  Uw  «lka£M  wmm  h 
ma«b  u  poMlbla  ao  m  to  opcnte  only  oo  cbo  v«d  tsorpamAm,  Tlw  eor- 
QQgela,  »-.i«-  1^...  l,f,A^  np,  ■  ftolutkm  nf  b»inne1<A>h)  If  tbe  tmuH. 
The  »!■  '^•«S   wbon   pr«M>nl,    l»rir.i;   rcdiK«d   by  the 

euiiS<ii.  -^'^lie  acU,  and   the  mIvcoi  fx'Ver  of  ih« 

fc,,  1  bj  the  «Jd  ti<.n  of  one-founli  iu  bulk 

-v  fl  fnTnf.<rHt".rp  of  0*»C.  In  ordwr  still 
^,  imdily  crystaUiMa, 
'<%  nt,  ^mnoa^pigi  aiflL 
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In  the  caw  of  the  dn^,  indeed,  it  is  simnly  sufficient  to  add  ctbcr  to  tbfti 
blood  and  then  to  let  it  stand  in  a  cold  uIhuo  ;  the  mikture  aoon  bcoomeSr 
A  mass  of  crystals.     Thi»  tryiiitals  may  no  separated  by  Bltration,  rodJB- 
Bolvod  in  Whtor  and  rocmtallizod. 

Haemoglobin  from  the  blood  of  the  rat,  guinea-pig,  squirrel, 
hedgehog,  horse,  cat,  dog,  goose,  and  some  other  animals,  crys- 
tallizes readily,  the  crystals  being  generally  slender  four-sided 
prisms,  belonging  to  the  rhombic  system,  and  often  appearing 
quite  acicular.  The  crystals  from  the  blood  of  the  guinea-pig 
are  octahedral,  but  also  belong  to  the  rhombic  system  ;  those  of 
the  squirrel  are  six-sided  plates.  The  blood  of  the  ox,  sheep, 
rabbit,  pig,  and  man,  crystallizes  with  difficulty.  (Figs.  124, 125, 
126.)    Why  these  differencee  exbt  is  not  known  ;  but  the  com- 

[Fm.  131. 
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position,  and  the  amount  of  water  of  cryslallizaliuu,  vary  some- 
what in  the  crystals  obtained  from  dirterent  animals.  In  the  dog, 
the  percentage  composition  of  the  crystals  is,  according  to  Hoppe- 
Seyler,  C.  53.85,  H.  7.H2,  N.  10.17,  O.  21.84,  S.  0.:JU,  Fe,  0.43, 
with  three  to  four  per  cent,  of  water  of  crystallisation.  It  will 
thus  be  seen  that  bcemoglobin  contains,  in  addition  to  the  other 
elements  usually  present  in  proteiil  substances,  a  certain  amount 
of  iron  ;  that  is  to  say,  the  element  iron  is  a  distinct  part  of  the 
hmnioglobin  molecule :  a  fact  which  of  itself  renders  hiDnioglobin 
remarkable  among  the  chemical  substances  present  in  the  animal 
bod)*. 

The  crystals,  when  seen  in  a  siiflSciently  thick  layer  under  the 
microscope,  have  the  same  bright  scarlet  color  as  arterial  blood 
has  to  the  nake<l  eye  ;  when  seen  in  a  mass  they  naturally  appear 
L«r.     An  aqueous  solution  of  htemoglobiu,  obtained  by  dis- 
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solving  purified  crystals  in  distilled  water,  has  also  the  same 
bright  arterial  color.  A  tolerably  dilute  solution  placed  before 
the  spectroficope  is  found  to  absorb  certain  rays  of  light  in  a 
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peculiar  and  characteristic  manner.  A  portion  of  the  red  end 
of  the  spectrum  is  absorbed,  as  is  also  a  much  larger  portion  of 
the  blue  end;  but  what  is  most  striking  ia  the  presence  of  two 
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strongly  marked  absorption  bands,  lying  between  the  solar  lines  D 
and  E.  (See  Fig.  134.)  Of  these  the  one  towards  the  red  side, 
sometimes  spoken  of  as  the  band  a,  is  the  thinnest,  but  the  most 
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intense,  and  iu  extremely  dilute  solutions  (Fig.  134, 1)  is  the  only 
one  visible;  its  middle  Vies  at  some  little  distance  to  the  blue  aide 
of  D.  Its  position  may  be  more  exactly  defined  by  expressing  it 
in  wave-lengths.  As  is  well  known,  the  rays  of  light  which  make 
up  the  spectrum  diflfer  in  the  length  of  their  waves,  diminishing 
from  the  red  end  where  the  waves  are  longest,  t^>  the  blue  eud 
where  they  are  shortest.  Thus  Frauenhofer'e  line  D  corresponds 
to  rays  having  a  wave-length  of  089.4  nnllionths  of  a  millimetre. 
Using  the  same  unit,  the  ceniro  of  this  absorption  band  a  of 
ha.Muoglobia  corresponds  to  the  wave-length  578 ;  as  may  be 
seen  in  Fig.  134,  wnere  however  the  numbers  of  the  divisions  of 
the  scale  indicate  only  10r»,000th  of  a  millimetre.  The  other, 
sometimes  called  B,  much  broader,  lies  a  little  to  the  red  side  of 
E,  its  blue-ward  edge,  even  in  moderately  dilute  solutions  (Fig. 
134,  2)  coming  close  up  to  that  line;  ite  centre  corresponds  to 
about  wave-length  5o0.  Each  band  is  thickest  in  the  middle, 
and  gmdually  thins  away  at  the  edges.  These  two  absorption 
bands  are  extremely  characteristic  of  a  solution  of  hiemoglobin. 
Even  in  very  dilute  solutions  both  bauds  are  visible  (they  may 
be  seen  iu  a  thickness  uf  1  cm.  iu  a  solution  containing  1  grm. 
of  hiemoglobin  in  10  litres  of  water),  and.that  when  scarcely  any 
of  the  extreme  red  end,  and  very  little  of  the  blue  end,  is  cut  ofl". 
They  then  apf>ear  not  only  faint  but  narrow.  As  the  strength  of 
the  solution  is  increased,  the  bunds  broaden,  and  heuume  more 
intense;  at  the  same  time  both  the  red  end,  and  still  more  the 
blue  end,  of  the  whole  spectrum,  are  encroached  upon  (  Fig  134, 3  J. 
This  may  go  on  until  the  two  absorption  bands  beconie  fused 
together  iuto  one  broad  band  (Fig.  134,  4).  The  only  rays  of 
light  which  then  pa^  through  the  haemoglobin  solution  are  those 
in  the  green  between  the  blue-ward  edge  of  the  united  bands  and 
the  general  absorption  which  is  now  rapidly  advancing  from  the 
blue  end,  and  those  in  the  red  between  the  united  bands  and  the 
genenii  absorption  at  the  red  end.  If  the  solution  be  still 
further  increased  in  strength,  the  interval  on  the  blue  side  of  the 
united  bands  becomes  absorbed  also,  so  that  the  only  rays  which 
paas  through  are  the  red  rays  lyiug  to  the  red  side  uf  D;  these 
are  the  last  to  disappear,  and  hence  the  natural  red  color  of  the 
solution  as  seen  by  transmitted  light.  Exactly  the^same  ap|>ear- 
ances  arc  seen  when  crystals  of  htemoglobin  are  examined  with  a 
micro-spectroscope.  They  are  also  seen  when  arterial  blood  itself 
(diluted  with  saline  solutions  so  that  the  corpuscles  remain  in  as 
natural  condition  as  possible)  is  examined  with  the  spectroscope, 
as  well  as  when  a  drop  of  blood,  which  i'rom  the  necessary 
exposure  to  air  is  always  arterial,  is  examined  with  the  micro- 
spectroscope.  In  iact,  the  rij)ectruni  of  lucnutglobiu  is  the 
spectrum  of  normal  arterial  blood. 
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Tub  8ra«Tiu  0/  Oxtilkmooloiin  is  PirrintM  Ok^ium  or  ("oRf'K.vTBAiinn,  or  (uirmcr-D) 
H-KViMil^iii.'r,  *?ci>  Mr  ('Au»0!TiL'H>xit<ic-nJ'.3iuuuinlit.     AfltT  i'scttn  ninl  KjHr.KK. 

1    8)>Iatiou  of  oiytuemoclotiu  c^ontaliilnit  lc«  lluii  o  ox  jtw  eoBt. 
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Ill  '.Hkvh  ^•f  lUv  irix  c»PM  lliv  lAvcr  tTnujcbt  lii>for«>  tti«  q«rlni»*op('  wiu  1  riii  in  rliKkucM, 

Thti  U'tt«ni  (.4,  (I,  rtr.)  jnilU'iiCr  Fniui*iili»fcr'»  Hlii*.  nriil  tbc  flgiiTCT  ware-Irogtlw  oxprccM^^l 
hi  liNt.nnrnl)  vt  a  uinttnirtn?. 

When  crystals  of  hicraoglobin,  prepared  in  the  way  already 
described,  are  auhjected  tn  the  vacuum  of  the  inercurinl  air- 
pump,  they  give  off' a  rcrtnin  quantity  of  oxygen,  and  at  the  same 
lime  they  change  in  color.  The  quantity  of  oxygen  given  off  ie 
definite,  1  grm.  of  the  crystals  giving  o(i  1.59  c.cni.  of  oxygen. 
In  other  wurds,  the  crystals  of  haemoglobin  over  and  above  the 
oxygen  which  enters  iulimately  into  their  composition  (and  which 
alone  is  given  in  the  elementary  composition  stated  on  p.  3!MJ), 
contain  another  quantity  of  oxygen,  which  is  in  loose  combina- 
tion only,  and  which  may  be  disHociated  from  them  by  subjecting 
them  to  a  sufficiently  low  pressure.  The  change  of  color  which 
ensues  when  this  loosely  combined  oxygen  is  removed,  is  charac- 
teristic; the  crystals  become  darker  and  more  of  a  purple  hue, 
and  at  the  same  time  dichroic,  ao  that  while  the  thin  edges  appear 
green,  the  thicker  ridges  are  purple. 

An  ordinary  solution  of  nroraoglobin,  like  the  crystals  from 
which  it  is  formci^,  contains  a  definite  nuantity  of  oxygen  in  a 
similarly  peculiar  Ioo«e  combination  ;  this  oxygen  it  also  give^  up 
at  a  sufficiently  low  pressure,  becoming  at  the  same  time  of  a 
purplish  hue.  This  loosely  conibiued  oxygen  may  also  be  re- 
moved by  passing  a  stream  of  hydrogen  or  otlier  indifferent  gas 
through  the  solution,  whereby  dissociation  is  effected.  It  may 
also  be  got  rid  of  by  the  use  of  reducing  agents.  Thus  if  a  few 
drops  of  ammonium  sulphide  or  of  an  alKnline  solution  of  ferrous 
sulphate,  kept  from  precipitation  by  the  presence  of  tartaric  add, 
be  added  to  a  solution  of  hiemoglobin,  or  even  to  an  unpnrified 
solution  of  blood  corpuscles  such  as  is  afforded  by  the  washings 
from  a  blood-clot,  the  oxygen  in  loose  combination  wiih  the 
haemoglobin  is  immediately  seized  upon  by  the  reducing  agent. 
This  may  be  recognized  at  once,  by  the  characteristic  change  of 
color;  from  a  bright  scarlet  the  solution  becomes  of  a  purplish- 
claret  color,  when  seen  in  any  thickness,  but  green  when  suffi- 
ciently thin:  the  color  of  the  reduced  solution  is  exactly  like 
that  of  the  crystals  from  which  the  loose  oxygon  hns  beeu 
removed  by  the  air-pump. 

Examined  by  the  spectroscope,  this  reduced  solution,  or  solution 
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of  reduced  fasemoglobin  as  we  may  now  call  it,  offers  a  spectrum 
(Fig.  134, 6)  entirely  different  from  that  oftlie  unreduced  solution. 
The  two  absorption  bands  bfive  disappeared,  and  in  their  place 
there  is  seen  a  single*  much  broader,  but  at  the  same  time  much 
fainter  band  whose  middle  occupies  a  position  about  midway  be- 
tween the  two  absorption  bauds  of  the  unreduced  solution,  though 
the  red-ward  edge  of  the  band  shades  away  rather  further  towards 
the  red  than  docs  the  other  edge  towards  the  blue;  its  centre 
correspunda  to  about  wave-length  555.  At  the  same  time  the 
general  absorption  of  the  spectrum  is  diff*erent  from  that  of  the 
unreduced  solution  ;  less  of  the  blue  end  is  absorbed.  Even 
when  the  solutions  become  tolerably  concentrated,  many  of  the 
blubh-green  rays  to  the  blue  side  of  the  single  band  still  pass 
through.  Jleuce^  the  difiereucc  in  color  between  htemoglobiu 
which  retains  the  loosely  combined  oxygen,'  and  haemoglobin 
which  hiuj  lost  its  oxygen  and  i>ecome  reduced.  In  tolerably 
concentrated  solutiouB,  or  tolerably  thick  layers,  the  former  lets 
through  the  red  and  the  orange-yellow  rays,  the  latter  the  red 
and  the  bluish-green  rays.  Accordingly,  the  one  appears  scarlet, 
the  other  purple.  In  dilute  solutions,  or  in  a  thin  layer,  the 
reduced  htemoghibiu  letfi  through  so  much  of  the  green  rays  that 
they  preponderate  over  the  red,  and  the  resulting  impression  \a 
one  of  green.  In  the  uureiluced  bimnoglobin  or  oxyhiemoKlobiu, 
the  potent  yellow  which  \»  blocked  out  in  the  reduced  niemo- 
globin  makes  itself  felt,  so  that  a  very  thin  layer  of  oxyhsemo- 
globin,  as  in  a  single  corpuscle  seen  under  the  microsoope,  appears 
yellow  rather  than  red. 

When  the  hicmoglobin  solution  (or  crystal)  which  has  lost  its 
oxygen  by  the  action  either  of  the  air-pump  or  of  a  reducing 
agent  or  by  the  passage  of  an  indifferent  gas,  Is  exposed  to  air 
containing  oxygen,  an  absorption  of  oxygen  at  once  takes  place. 
If  sufficient  oxygen  be  present,  the  whole  of  the  hemoglobin 
seizes  upon  its  complement,  each  gramme  taking  up  in  combina- 
tion 1.59  e.cra.  of  oxygen;  if  there  be  an  insufficient  <]uantity  of 
oxygen,  a  part  only  of  the  hiemoglobin  gets  its  allowance  and  the 
remainder  continueB  reduced.  If  the  amount  of  oxygen  be  suffi- 
cient, the  solution  (or  cry8tals)i  as  it  takes  up  the  oxygen,  regains 
its  bright  scarlet  color,  and  its  characteristic  absorption  spectrum, 
the  single  band  being  replaced  by  the  two.  Thus  if  a  solution 
of  oxyha.>uioglobin  in  a  test-tube  ailer  being  reduced  by  the 
ferrous  salt,  and  showing  the  purple  color  and  the  single  band, 
be  shaken  up  with  air,  the  bright  scarlet  color  at  once  returns, 
and  when  the  fluid  is  placed  before  the  spectroscope,  it  is  seen 

I  For  brevHjr'f  Bftke  wq  luftj  cftll  Ui«  hamoglobiD  oonUiaing  oxjg«n  In  Jooi* 
cooibinaUon  (/zt/htemaglobitt.  and  tUe  hnmoglobin  from  whiob  ihif  IoomIv  oom- 
bincd  oxygen  hai  b«ca  remored,  rcduood  hirmoglubin  ur  aimplj  btrmogloMa. 
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that  the  single  faint  broad  hand  of  the  re<luced  hiemnglobin  has 
wluilly  disappeure<l,  and  tliat  in  ite  place  are  the  two  i<harp 
thinner  bands  of  the  oxyhiemoglobin.  If  left  to  stand  in  the 
test-tube,  the  quantity  of  reducing  agent  still  present  ie  generally 
sufliciout  again  to  rob  the  h:emo);lobin  of  the  oxygen  thus  newly 
acquired,  and  soon  the  scarlet  hue  fades  back  again  into  the  pur- 
ple, the  two  bands  giving  place  to  the  one.  Another  shake  and 
exposure  to  air  will,  however,  again  bring  back  the  scjirlet  hue 
and  the  two  bauds  ;  and  once  more  these  may  disappear.  In  faoti 
a  few  drops  of  the  reducing  fluid  will  allow  this  game  of  taking 
oxygen  from  the  air  and  giving  it  np  to  the  reducer  to  be  played 
over  and  over  again,  and  at  each  turn  of  the  game  the  L-olor  shifts 
from  scarlet  to  purple,  and  from  purple  to  scarlet,  while  the  two 
bands  exchange  for  the  one,  and  the  one  for  the  two. 

Color  of  Venous  and  Arterial  Blood. — Evidently  we  have  in 
these  properties  of  hmmoglohin  an  explanation  of  at  least  one-half 
of  the  great  respiratory  process,  and  they  teach  us  the  meaning 
of  the  change  of  color  which  takes  place  when  venous  blood  be- 
comes arterial  or  arterial  venous.  In  venous  blood,  as  it  issues 
from  the  right  ventricle,  the  oxygen  jtreseul  is  insufficient  to 
satisfy  the  whole  of  the  htemoglobin  of  the  red  corpuscles ;  much 
reduced  haemoglobiu  is  present,  hence  the  purple  color  of  venous 
bl(H>d. 

When  ordinary  venous  blood,  diluted  without  access  of  oxygen, 
is  brought  before  the  8i>ectro8oope,  the  two  hands  of  oxyhcemo* 
globin  are  seen.  This  i.**  explained  by  the  fact  that  in  a  mixture 
of  oxyhienioglubin  and  (reduced)  hjumoglobin,  the  two  sharp 
bands  of  the  former  are  always  much  more  readily  seen  than  the 
much  fainter  band  of  the  latter.  Now  in  ordinary  venous  blood 
there  is  always  some  loose  oxygen,  removable  by  diminished 
pressure  or  otherwise;  there  is  always  some — indeed,  a  consider- 
able quantity — of  oxyhicraoglobin  as  well  as  (  re«iuced  •  hiomo- 
globin.  It  is  only  in  the  very  last  stages  of  asphyxia  that  all 
the  looee  oxygen  of  the  blood  disappears;  and  then  the  two 
hands  of  the  oxyha>moglobin  vanish  t-oo.  So  distinct  are  the 
two  bands  of  even  a  small  quantity  of  oxyhiemoglobin  in  the 
midst  of  a  large  quantity  of  haemoglobin  that  a  solution  of  (com- 
pletely reduced)  hemoglobin  may  be  used  as  a  test  for  the 
presence  of  oxygen. 

As  the  blood  passes  through  the  capillaries  of  the  luugs,  this 
reduced  hicmoglobiu  takes  from  the  pulmonary  air  its  comple- 
ment of  oxygen,  all  or  nearly  all  the  hcemoglobin  of  the  red 
corpuscles  becomes  oxyhiemoglobin,  and  the  purple  color  forth- 
with shifts  into  scarlet. 

The  h:vmoglobin  of  arterial  blood  is  saturated  or  nearly  satu- 
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rated  with  oxygeu.  By  iucreaeing  the  pressure  of  the  oxygen, 
an  additioDBl  ijunntity  may  be  driven  intu  the  blood,  but  tliis, 
after  the  hajiuoglobiu  has  become  completely  aaturated,  is  effected 
by  simple  absorption.  The  quantity  an  added  is  extremely  small 
compared  with  the  total  quantity  combined  with  the  haemoglobin, 
but  its  physiological  importance  is  iiicreafied  by  its  being  present 
at  a  high  tension. 

Passing  from  the  left  ventricle  to  the  capillaries,  some  of  the 
oxyh:emoglobin  gives  up  its  oxygen  to  the  tissues,  becomes  re- 
duced h:emoglobin,  and  the  blood  in  cousequeuce  becomes  once 
more  venous,  with  a  purple  hue.  Thus  the  red  corpuecles,  by 
virtue  of  their  hLemoglobio,  are  emphatically  oxygen-carriers. 
Undergoing  uu  iutrinsic  change  iu  itself,  the  iKunioglobin  com- 
bines in  the  lungs  with  oxygen,  which  it  carries  to  the  tissues  ; 
these,  more  greedy  of  oxygen  than  itself,  rob  it  of  its  charge,  and 
the  reduced  hienioglobin  hurries  back  to  the  lungs  in  the  venous 
blood  for  another  portion.  The  change  from  venous  to  arterial 
blood  is  then  In  part  (for,  as  we  shiill  see,  there  are  other  events 
as  well)  a  peculiar  conibinalion  of  hfemoglohin  with  oxygen, 
white  the  change  from  arterial  it)  venous  is,  in  part  also,  a  reduc- 
tion of  oxyhicmoglobin  ;  and  the  difference  of  color  between 
venous  and  arterial  blood  depends  almost  entirely  on  the  fact 
that  the  reduced  h£emo>;lobiu  of  tlic  former  is  of  purple  color, 
while  the  oxyhrtmoglobin  of  the  latter  is  of  a  scarlet  color. 

There  iiiay  be  other  causes  of  the  change  of  color,  but  these 
are  wholly  subsidiary  and  iinimportaat.  When  a  corpuscle 
swells,  its  refractive  power  is  diminished,  and  in  consequence  the 
number  of  rays  which  paas  into  and  are  absorbed  by  it  are  in- 
creased at  the  expense  of  those  reflected  from  its  surface;  any- 
thing, therefore,  which  swells  the  corpuscles,  such  as  the  addition 
of  water,  tends  to  darken  blood;  nud  anything,  such  as  a  con- 
centrated saline  solution,  which  causes  the  corpuscles  to  shrink, 
tends  to  brighten  blood,  t'arbonic  acid  has  apparently  some 
influence  in  swelling  the  corpuscles,  and  therefore  may  aid  in 
darkening  the  venous  blood. 

We  have  spoken  of  the  combination  of  hfemoglobin  with 
oxygen  as  being  a  peculiar  one.  The  peculiarity  consists  in  the 
facts  that  the  oxygen  may  be  associated  and  dissociated,  without 
any  general  disturbance  of  the  molecule  of  h;fcmoglobin,and  that 
dissociation  may  be  brought  about  very  readily.  Ila-moglobin 
combines  in  a  wholly  similar  manner  with  other  gases.  If  car- 
bonic oxide  be  paflsed  through  a  solution  of  hieraoglobin.a  change 
of  color  takes  place,  a  [wculiar  bluish  tinge  making  its  appear- 
ance. At  the  same  time,  the  spectrum  is  altered ;  two  bands  are 
still  visible,  but  on  accurate  measurement  it  is  seen  that  they  are 
placed  more  towards  the  blue  end  than  are  the  otherwise  similar 
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bands  of  oxyhsemoglobin  (see  Fig.  134,  6)  ;  their  centres  corrc- 
aponding  respectively  to  about  wave-lengths  572,  and  533,  while 
those  of  oxyhspmoglobin,  aa  wc  have  seen,  correspond  to  678  and 
539.  When  a  known  quantity  of  carbonic  oxide  gas  is  sent 
through  a  hutmoglobin  solution,  it  will  be  found  on  examination 
that  a  certain  amount  of  the  gas  has  been  retained,  an  equal 
volume  of  oxygen  api>eanug  in  it8  place  in  the  gas  which  issues 
from  the  solution.  It  the  solution  so  treated  be  cryatalliicd,  the 
crystals  will  have  the  same  characteristic  color,  and  give  the 
same  absorption  spectrum  as  the  solution  ;  when  subjected  to  the 
action  of  the  mercurial  pump,  they  will  give  oflfa  definite  quan- 
tity of  carbonic  oxide,  1  grm.  of  the  crystals  yielding  1.5i>  c.cra. 
of  the  gaa.  In  fact,  haemoglobin  combines  loosely  with  carbonic 
oxide  just  as  it  does  with  oxygen  ;  but  its  affinity  with  the  former 
is  greater  than  with  the  latter.  While  carbonic  oxide  readily 
turns  out  oxygen,  oxygen  cannot  so  readily  turn  out  c-arbonic 
oxide.  Indeed,  carbonic  oxide  has  been  used  as  a  means  of 
driving  out  and  measuring  the  quantity  of  oxygen  present  in  any 
given  blood.  This  property  of  carbonic  oxide  explains  its  poison- 
ous nature.  When  the  gas  is  breathed,  the  reduced  and  the  un- 
reduced hiemoglobin  of  the  venous  blof^d  unite  with  the  carbonic 
oxide,  and  hence  the  peculiar  bright  cherry-red  color  observable 
in  the  blood  and  tissues  lu  cases  of  poisoning  by  this  gas.  The 
carbonic-oxide-hiemoglobin,  however,  is  of  no  use  in  respiration; 
it  ia  not  an  oxygen-carrier,  nay  more,  it  will  not  readily,  though 
it  does  so  slowly  and  eventually,  give  up  its  carbonic  oxide  for 
oxygen,  when  the  poisonous  gas  ceases  to  enter  the  chest  and  is 
replaced  by  pure  air.  The  organism  is  killed  by  suflocation,  by 
want  of  oxygen,  in  spite  of  the  blood  not  assuming  any  dark 
venous  color.  As  Bernard  phrased  it,  the  corpuscles  are 
paralyzed. 

Haemoglobin  similarly  forms  a  compount],  having  a  character- 
istic spectrum,  with  nitric  oxide,  more  stable  even  than  that  with 
carbonic  oxide. 

It  has  been  supposed  by  some  that  the  oxygen  thus  associated 
with  hirmoglobin  is  in  the  condition  known  as  ozone;  but  the 
arguments  urged  in  support  of  this  view  are  inconclusive. 

Although  a  crystalline  body,  htcmoglobin  diffuses  with  great 
difficulty.  This  arises  from  the  fact  that  it  is  in  part  a  proteid 
body;  it  consists  of  a  colorless  proteid,  associated  with  a  colored 
compound  named  hamiaHn.     Al)  the  iron  belongiug  to  the  hiemo- 

flobin  is  in  reality  attached  to  the  hiematin.  A  solution  of 
leraoglobin,  when  heated,  coagulates,  the  exact  degree  at  which 
the  coagulation  takes  place  dei>eudiug  on  the  amount  of  dilution  ; 
at  the  same  time  it  turns  brown  from  the  setting  free  of  the 
hfematin.     If  a  strong  solution  of  haemoglobin  be  treated  with 
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tbat  tbe  oxrr^n-holdifig  power  of  haerooglobiD  »  coouected  ex- 
eliiMVclr  witn  tta  httmatin  coDstilueuL  Br  the  action  of  strong 
sulphuric  A/'ifJ  ha.'matin  may  be  robbe<l  of  all  iu  iron.  It  still 
reuirm  the  ft^Un*:  nf  p^memina  color,  the  solution  of  iron-free 
bamatin  l>eing  s  rlsrlc  rich  brownish-red ;  but  is  no  longer 
capablB  of  comhininf^  loosely  with  oxygen.  This  indicates  that 
th(^  irm  ih  in  sornc  way  ass4>ciatef]  with  the  peculiar  respiratory 
fiinntion^  of  hiemoglobin;  though  it  is  obviously  an  error  to 
im[i|Mise,  as  was  uoos  supp'^««rd,  that  the  change  from  venous  to 
iirU>riul  hlfHxl  consiits  enentially  in  a  change  from  a  ferrous  to  a 
fnrrir  xalt. 

Though  uot  crysiallizable  itself,  hscmatin  forms  with  hydro- 
chlorii!  arid  ri  compound,  occurring  in  minute  rhombic  crystals, 
known  lu  liiviiiin  cryntalii. 

In  conclimioii,  thi?  (Mftidition  of  oxygen  in  the  blood  is  as 
follow*.  Of  the  whole  qimniilv  of  oxygen  in  the  blood,  only  a 
minuto  fraction  is  nininly  nhm)rb(sl  or  dissolved,  according  to  the 
Uw  of  \irfMtmrim  f  ttio  iIcnry-Dnlton  liiw).  The  groat  mass  is  in 
n  Ntalu  «d'  cuMibinuliou  with  tho  hiumoglobin,  the  connection  being 
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uf  such  a  kiod  thut  while  the  hcenioglobin  reaiJily  cumbiues  with 
the  oxygen  of  the  air  to  which  it  is  exposed,  dissociation  readily 
ocouraat  low  pressures,  or  in  the  presence  of  iodiflerent  gases,  or 
by  the  action  of  substances  having  a  greater  affinity  for  oxygen 
than  has  hiemoglobin  itself.  The  difference  between  venous  and 
arterial  blood,  as  far  as  oxygen  is  concerned,  is  that  while  in  the 
latter  there  is  au  insigniHcant  (juantity  of  reduced  hietnoglobin, 
iu  the  former  there  is  a  great  dual ;  and  the  uharacten^tic  colors 
of  venous  and  arterial  blood  are  in  the  main  due  to  the  fact  that 
the  color  of  reduced  l»aimoglobin  is  purple^  while  that  of  oxyhie- 
moglobiu  is  scarlet. 


37w;  Rdalio)\s  of  Ike  Oirhonte  Acid  in  the  Blood. 

The  presence  of  carbonic  acid  in  the  blood  appears  to  be  deter- 
mined by  conditions  more  complex  in  their  nature  and  at  present 
not  so  well  understood  as  those  which  determine  the  presence  of 
oxygen.  The  carbonic  acid  is  not  simply  dissolved  iu  the  blood  ; 
its  absorption  by  blood  does  uot  follow  the  law  of  pressures.  It 
exists  in  association  with  some  substance  or  substances  in  the 
blood,  and  its  escape  from  the  blood  is  a  process  of  dissociation. 
We  cannot  however  speak  of  it  as  being  aasociated,  to  the  same 
extent  as  is  the  oxygen,  with  the  haemoglobin  of  the  red  corpuscles. 
So  far  from  the  red  corpuaclea  containing  the  great  mass  of  the 
carbonic  acid,  the  riuantity  of  this  gas  which  is  present  in  a 
volume  of  serum  is  according  to  some  oUaervers  actually  greater 
than  that  which  is  present  in  an  equal  volume  of  blood — /.  e,,  an 
equal  volume  of  mixed  corpuscles  aud  serum. 

When  serum  is  subjected  to  the  mercurial  vacuum,  by  far  the 
greater  jiart  of  the  carbonic  acid  is  given  off;  but  a  small  addi- 
tional quantity  (2  to  5  vols.  f>er  cent.j  may  be  extracted  by  the 
subsequent  addition  of  an  acid.  This  latter  portion  may  be 
spoken  of  as  *'  fixed  *'  carbouic  acid  iu  distinction  to  the  larger 
*' loose  "  portion  which  is  given  off  to  the  vacuum.  When  how- 
ever the  whole  blood  is  subjected  to  the  vacuum,  all  the  carbonic 
acid  is  given  off,  so  that  when  serum  is  mixed  with  corpuaclea  all 
the  carbonic  acid  may  be  spoken  of  as  '*  loose ; "  and  it  is  stated 
that  the  excess  of  carbonic  acid  iu  serum  over  that  present  in 
entire  blood,  corresponds  to  the  fixed  portion  in  serum  which  has 
to  be  driven  off  by  au  acid.  Moreover,  even  those  who  main- 
tain that  the  quantity  of  carbonic  acid  iu  blood  is  lees  than  that 
in  an  equal  volume  of  serum,  admit  that  the  Urmoih  of  the  car- 
bonic acid  in  blood  is  greater  than  in  serum. 

If  these  statements  be  accepted,  it  seems  probable  that  the 
carbonic  acid  exists  associated  with  some  substance  or  substances 
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in  the  aenim,  but  that  the  couditions  of  its  aaBociaUon  (and 
therefore  of  its  disaociation)  are  determined  by  the  action  of 
some  substance  or  subetances  present  in  the  corpuscles.  It  ib 
further  probable  that  the  association  of  the  carbonic  acid  in  die 
serum  is  ^ith  smlium  as  sodium  bicartmuate,  and  it  is  even  pos- 
sible that  the  haemoglobin  of  the  corpuscles  plays  a  part  in 
promoting  the  dissociation  of  the  8o<1ium  bicarbonate  or  even 
the  carbonate,  and  thus  keeping  up  the  carbonic  acid  tension  of 
the  entire  blood.  Other  observers  however  maintain  that  the 
scrum  does  not  hold  this  exclusive  poeseasion  of  the  carbonic 
acid,  but  that  a  considerable  quantity  of  this  gas  is  in  some  way 
associated  with  the  re<l  corpuscles.  Indeed  tiirther  iuvestigatiouB 
art*  nccciisary  before  the  matter  can  be  saici  to  have  been  placed 
on  a  satislactory  footing. 


The  Relation  of  the  Nitrogen  in  the  Blood, 

The  small  iiutinlity  of  this  gas  which  is  present  io  both  arterial 
and  venous  blood  seems  to  exist  in  a  state  of  simple  solution. 


Sec.  4. — The  Respiratory  Chasoes  in  the  Lungs. 


Tlte  Entrance  of  Oxygen. 

We  have  already  seen  that  the  blood  in  passing  through  the 
lungs  takes  up  a  certain  variable  quantity  (from  8  to  1^  vols, 
percent.)  of  oxygen.  We  have  further  seen  that  the  quantity  so 
taken  up,  putting  aside  the  insignificant  fraction  simply  ab- 
sorbed, enters  into  direct  but  loose  conibiualion  with  the  hromo- 
globiu.  In  drawing  a  distinction  between  the  oxygen  simply 
absorbed  and  that  entering  into  combination  with  the  hemo- 
globin, it  must  not  be  understood  that  the  latter  is  wholly  inde- 
pendent of  pressure.  On  the  contrary  all  chemical  compounds 
are  in  various  degrees  subject  to  dissociation  at  certain  pressures 
and  teQi|)eratures;  and  the  existence  of  the  somewhat  looae 
compound  of  oxygen  and  hiumoglobin  is  de|>eudent  on  the  par- 
tial pressure  of  oxygen  in  the  atmosphere  to  which  the  hsemo- 
globin  is  exposed.  A  solution  of  haemoglobin  or  a  quantity  of 
blood  will  either  absorb  oxygen  and  thus  undergo  association  or 
will  undergo  dissociation  and  give  off  oxygen  according  to  the 
partial  pressure  of  oxygen  in  the  atmosphere  to  which  it  is  ex- 
posed is  high  or  low,  and  the  amount  taken  up  or  given  off  will 
depend  on  the  degree  of  the  partial  pressure.     Uut  the  law  ac- 

vUnt;  to  which  absorption  or  escape  thus  lakes  place  is  quite 
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diiferent  from  tliat  observed  in  the  simple  absorptiou  of  oxygen 
by  liquide.  The  association  or  dissociation  is  further  especially 
dependent  on  temperature,  a  high  temperature  favoring  disao- 

■  ciattun  Bu  that  at  a  high  temperature  less  uxygeu  is  taken  up 
than  wuuld  be  taken  up  (or  more  given  off  as  the  case  may  be 
than  would  be  given  utf)  at  a  lower  temperature,  the  partial 
pressure  of  the  oxygen  in  the  atmoephere  remaining  the  same. 

■  Hence  the  question  arises.  Are  the  conditions  in  which  hemo- 
globin and  oxygen  exist  in  ordinary  venous  blood  as  it  flows  to 
the  lungH,  of  such  a  kind  that  the  venous  blood  in  passing  through 
the  pulmonary  capillaries  will  tiud  the  partial  pressure  of  the 
oxygen  in  the  pvitmonary  alveoli  sufficient  to  bring  about  the 
association  of  the  additional  i|uaDtitY  of  oxygen  whereby  the 
venous  is  converted  into  arterial  blood? 

The  oxygen  of  expired  air  contains  (in  man")  as  we  have  seen 
about  13  per  cent,  of  oxygen.  The  air  in  the  pulmonary  alveoli 
must  contain  rather  less  than  this,  since  the  expired  air  consists 
of  tidal  air  mixed  by  dilFusion  with  the  stationary  air.     How 

I  much  less  it  contains  we  do  not  exactly  know%  but  probably  the 
difference  is  not  very  great.  The  question  therefore  stands  thus, 
AVill  venous  blood,  exposed  at  the  temperature  of  the  body  to  a 
partial  pressure  of  less  than  ](i  per  ceut.  of  oxygen  take  up 
sufficient  oxygen  ffrom  -H  to  VZ  vole,  per  ceut.)  to  convert  it  into 
arterial  blood?  Numerous  experiments  have  been  made  (chiefly 
on  the  do^)  to  determine  on  the  one  hand  the  oxygen-tension  of 
both  arterial  and  venous  bbxid  (i.  e.,  the  partial  pressure  of  oxygen 
in  an  atmosphere  exposed  to  which  the  arterial  blood  neither  gives 
up  nor  takes  in  oxygen,  and  the  same  fur  venous  blood),  and  on 
the  other  hand  the  behavior  at  the  temperature  of  the  body  or  at 
ordinary  temperature  of  blood  or  of  soiutious  of  hLemoglobin  (for 
the  two  behave  in  this  respect  very  much  alike)  towards  an 
atmosphere  in  which  the  partial  pressure  of  oxygen  is  made  to 
vary.  Without  going  into  detail,  we  may  state  that  these  ex|)eri- 
ments  show  that  the  partial  pressure  of  oxygen  in  the  lungs  is 
amply  auflicient  to  bring  about,  at  the  temperature  of  the  body, 
the  association  of  that  additional  amount  of  oxygen  by  which 
venous  blood  becomes  arterial.  When  a  solution  of  hremoglubin 
or  when  blood  is  successively  exposed  to  increasing  oxygen  pres- 
sures, as  the  partial  pressure  of  oxygen  is  gradually  increased, 
the  curve  of  absorption  rises  at  first  very  rapidly  but  afterwards 
more  slowly,  that  is  to  say,  the  later  additions  of  oxygen  at  the 
higher  pressures  are  proportionately  legs  than  the  earlier  ones,  at 
the  lower  pre^urcs.  And  this  is  consonant  with  what  appears 
to  be  the  fact  that  the  hiemoglohiu  of  arterial  blood  though  nearly 
saturated  with  oxygen — i.  e.,  associated  with  almost  its  full  com- 
I pigment  of  oxygen,  is  not  quite  saturated.     W^hen  arterial  blood 
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is  thoroughly  exposed  to  air,  it  takes  up  rather  more  than  1  vol. 
iper  cent,  of.oxygen  ;  and  that  appears  to  represent  the  difference 
between  expoHing  blood  to  air  as  it  enters  the  mouth  in  inspira- 
tion and  exposing  blood  to  the  air  as  it  exists  in  the  pulmonary 
alveoli. 

The  greater  relative  absorption  at  Uie  lower  pressures  has 
a  beneficial  effect  inasmuch  as  it  still  }>ermit8  a  considerable 
quantity  of  oxvgcu  to  be  absorbed  even  whcu  the  partial  pressure 
of  oxygeu  in  tlie  air  in  the  luDgs  is  largely  reduced,  as  in  ascend- 
ing to  great  heights. 

The  statements  made  so  far  refer  to  ordinary  breathing,  but 
the  question  may  be  asked,  what  happens  when  the  renewal  of 
the  air  in  the  pulmonary  alveoli  ceases,  as  when  the  trachea  is 
obstructed?  In  such  a  case  the  oxygen  in  the  alveoli  is  found 
to  diminish  rapidly,  so  that  the  partial  pressure  of  oxygen  in  them 
soon  falls  below  tiu^  oxygen  tension  of  ordinary  venous  blood. 
But  in  such  a  case  the  b]o<Kl  is  no  longer  onlinary  venous  blood  ; 
instead  of  containing  a  CMtnparatively  small  amount,  it  contains 
a  large  and  gradually  increasing  amount,  of  reduced  haemoglobin. 
And  as  the  reduced  Inemo^lobin  increases  in  amount,  the  oxygen 
tension  of  the  venous  blood  decreases ;  it  thus  keeps  below  that 
of  the  air  in  the  lungs.  Hence  even  the  last  traces  of  oxygen  in 
the  lungs  are  taken  up  by  the  blofnl,  and  carried  away  to  the 
tissues;  so  that  with  the  last  heart's  beat,  when  the  oxygen  in 
the  lungs  has  sunk  to  a  mere  fraction,  the  bands  of  oxyhicmo- 
globin  may  still,  it  is  said,  be  detected  for  a  moment  in  the  blood 
of  the  lefl  side  of  the  heart,  showing  that  oxygen  has  even  still 
been  absorbed. 


Tlie  Exit  of  Carbonic  Acid. 


It  seems  natural  to  suppose  that  the  cnrlM»nic  acid  would 
escape  by  diilusion  from  the  blood  of  the  alvcular  capillaries 
into  the  air  of  the  nlvcitli.  But  in  order  that  diffusion  should 
thus  take  place,  the  carbonic  acid  tension  of  the  air  in  the 
pulmonary  alveoli  must  always  be  less  than  that  of  the  venous 
olood  of  the  pulmonary  artery,  and  indeed  ought  not  to  exceed 
that  of  the  blocwi  of  the  pulmonary  vein.  There  are,  however, 
many  practical  difficulties  in  the  way  of  an  exact  determination 
of  the  carbonic  acid  tension  of  the  pulmouary  alveoli  <  for  though 
it  must  Ihj  greater  than  that  of  the  expired  air.  it  is  difficult  to 
Bay  hnw  mui'h  greater),  and  of  the  carixjnic  acid  tension  of  the 
bloiid  at  the  same  time,  so  a»  to  W  in  a  position  to  compare  the 
!*,h  the  olhtir.  In  the  case  of  oxygen,  there  la  always 
the  lungs  a  surplus  i)f  tiie  gas,  a  p..rtion  only  being 
each  breath  :  in  ^"^  (^ase  of  carbonic  acid,  the  whol« 
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quantity  comes  direuL  froai  the  bluod,  and  any  modifications  in 
breathing  seriously  alfect  the  amount  given  out.  Thus  when  the 
breath  la  held  fur  some  time  the  percentage  of  carbonic  uoid  in 
the  (Expired  air  reaches  7  or  8  per  cent.,  but  we  cannot  take 
this  a^  a  measure  of  the  normal  {>ercentage  of  carbonic  acid  in 
tJie  pulmonary  alveoli,  since  by  the  mere  holding  of  the  breath 
the  carbonic  aci<l  in  the  bWd  and  in  the  pulmonary  alveoli  is 
increased  beyond  the  normal. 

The  difficulties  of  the  problem  seem,  however,  to  have  been 
overcome  by  an  ingenious  ex[>erimeut  in  which  there  is  intro- 
duced into  the  bronchus  of  the  lung  of  a  dog  a  catheter,  round 
which  is  arraugcd  a  small  bag;  by  the  inflation  of  this  bag  the 
bronchus,  whenever  desired,  can  be  completely  b]ocke<r  up. 
Thus,  without  any  disturbance  of  the  general  breathing,  and 
therefore  without  any  change  in  the  normal  proportions  of  the 
gases  of  the  blood,  the  ejc[)erimenter  is  iible  to  stop  the  iugrefas  of 
fresh  air  into  a  limited  portion  of  the  lung.  At  the  same  tinie^ 
he  is  enabled  by  means  of  the  catheter  Ut  withdraw  a  sample  of 
the  air  of  the  same  limited  portion,  and,  by  analysis,  to  determine 
its  carbonic  acid  tension.  The  blood  passing  through  the  alvcohtr 
capillaries  of  this  limitc<l  portion  of  the  lung  naturally  possesses 
the  same  carbonic  acid  tension  as  the  rest  of  the  venous  blood 
flowing  through  the  j)ulmorrary  artery,  a  tension  which,  though 
varying  slightly  from  moment  to  moment,  will  maintain  a  normal 
average.  On  the  supposition  that  carbonic  acid  passes  simply 
by  diflusion  from  the  pulmonary  blood  into  the  air  of  the  alveoli, 
because  the  carbonic  acid  tension  of  the  latter  is  normally  lower 
than  that  of  the  former,  one  would  expect  to  find  that  the  air  in 
the  occluded  i>ortion  of  the  king  would  continue  to  take  up  car- 
bonic acid  until  an  effuilibrium  was  established  between  it  and 
the  carbimic  acid  tension  of  the  venous  blood.  Oinsequeutly,  if 
at\er  an  occlusion,  say  of  some  minutes  (by  which  tifne  the  equi- 
librium might  fairly  be  assumed  to  have  been  established),  the 
carbonic  acid  tension  of  the  air  of  the  occluded  portion  were 
determined,  it  ought  to  be  found  to  be  equal  to,  and  not  more 
than  equal  to,  the  carbonic  acid  tension  of  the  venous  blood  of 
the  pulmonary  artery.  And  this  is  the  result  which  has  been 
arrived  at ;  it  has  been  found  that  the  tensions  of  the  carbonic 
acid  of  the  occluded  air  and  of  the  venous  blood  of  the  right  side 
of  the  heart  are  just  about  equal,  that  of  the  occluded  air  being, 
if  anything,  slightly  less  than  that  of  the  venous  blood.  So  that 
the  evidence,  so  far  as  it  goes,  is  distinctly  in  favor  of  the  view 
that  the  escape  of  carbonic  acid  from  the  blood  into  the  pulmonary 
alveoli  is  simply  due  to  diffusion,  and  that  there  is  no  need  to 
seek  for  any  fiirther  explanation.  There  is.  for  instance,  no 
necessity  to  suppose  that  the  epithelium  of  the  pulmonary  alveoli 
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has  any  specific  secretory  power  of  discbargiDg  carbonic  acid 
from  the  blood  iDdependently  of  or  in  antagonism  to  the  influence 
of  pressures. 


Ssa  5. — ^The  Respibatoky  Cbakggs  nt  thb  Tubiisb. 

In  passing  through  the  several  tissues  the  arterial  blood  be- 
comes once  more  venous.  A  considerable  quantity  of  the 
oxyhttmoglobin  becomes  reduced,  and  a  quantity  of  carbonic 
acid  passes  from  the  tissues  into  the  blood.  The  amount  of 
change  varies  in  the  various  tissues,  and  in  the  same  tissue  may 
vary  at  different  times.  Thus,  in  a  gland  at  rest,  as  we  have 
seen,  thf  venous  blood  is  dark,  showing  the  presence  of  a  laree 
quantity  of  reduced  h:t;'moglobiu ;  when  the  gland  is  active,  toe 
venous  blood  in  in  color,  and  in  the  amount  of  hiumoglobiu  which 
it  contains,  resembles  closely  arterial  blood.  The  blood,  there- 
fore, which  issues  from  a  gland  at  rest  is  more  "  venous  "  than 
that  from  an  active  gland  ;  though,  owing  to  the  more  rapid  flow 
of  blood  which,  as  we  saw  in  an  earlier  section,  accompanies  the 
activity  of  the  gland,  the  total  quantitv  of  carbonic  acid  dis- 
charged into  the  blo<j4]  from  the  gland  in  a  given  time  may  be 
greater  in  the  latter.  The  bloud,  on  the  other  hand,  which  comes 
from  an  active — i.  e.,  a  contracting — muscle,  is,  in  spite  of  the 
more  rapid  Uow.  not  only  richer  in  carbonic  acid,  but  also,  though 
not  to  a  correst>onding  amount,  poorer  in  oxygen  than  the  blood 
which  flows  from  a  muscle  at  rest. 

In  all  these  crises  the  great  question  which  comes  up  for  our 
consideration  is  this :  Docs  the  oxygen  pass  from  the  blood  into 
the  tissues,  and  does  the  oxidation  take  place  in  the  tissues,  giving 
rise  to  carbonic  acid,  which  paases  in  turn  away  from  the  tissuee 
into  the  blood  ?  or  do  certain  uxidizable  reducing  substances  paaa 
from  the  tissues  into  the  blood,  and  there  become  oxidi/^  into 
carbonic  acid  and  other  products,  so  that  the  chief  oxidation  takes 
place  in  the  blood  itself? 

There  are,  it  is  true,  reducing  oxidizable  sultstancee  in  the 
blood,  but  these  are  small  in  amount,  and  the  quantity  of  car- 
bonic acid  to  which  they  give  rise  when  the  blood  containing 
them  is  agitated  with  air  or  oxygen,  is  so  small  as  scarcely  to 
exceed  the  errors  of  observation. 

On  the  other  hand,  it  will  be  remembered  that  in  speaking  of 
muscle,  we  drew  attention  to  the  fact  that  a  frog's  muscle  removed 
from  the  body  (and  the  same  is  true  of  the  muscles  of  other  ani* 
mals)  contains  no  free  oxygen  whatever ;  none  can  be  obtained 
from  it  by  the  mercurial  air-pump.  Yet  such  a  muscle  will  not 
only  when  at  rest  go  on  producing  and  discharging  a  certain 
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quantity,  but  also  when  it  contracts  evolve  a  very  considerable 
quantity  of  carbonic  acid.  Moreover,  this  discharge  of  carbonic 
acid  will  go  on  for  a  certain  time  in  muscles  under  circumstances 
in  which  it  is  impoaaible  for  them  to  obtain  oxygen  from  without. 
Oxygen,  it  is  true,  is  necessary  for  the  life  of  the  muscle;  when 
venous  instead  of  arterial  blood  is  sent  through  the  bloodvessels 
of  a  muscle,  the  irritability  speedily  disap[)ears,  and  unless  fresh 
oxygen  be  administered  the  muscle  soon  dies.  The  muscle  may, 
however,  during  the  interval  in  which  irritability  is  still  retained 
after  the  supply  of  oxygen  has  been  cut  off,  continue  to  contract 
vigorously.  The  supply  of  oxygen,  though  necessary  for  the 
Tnaint^mance  of  irritaoility,  is  not  necessary  for  the  manifeMoHon 
of  that  irritabilitv,  is  not  necessary  for  that  explosive  decompoei- 
tion  which  develops  a  contiaction.  A  frog's  muscle  will  con- 
tinue to  contract  and  to  produce  carbonic  acid  in  an  atmosphere 
of  hydrogen  or  nitrogen — that  is,  in  the  total  absence  of  free 
oxygen  both  from  itself  and  from  the  medium  in  which  it  b 
placed. 

Thus,  on  the  one  hand,  the  muscle  seems  to  have  the  property 
of  taking  up  and  fixing  in  some  way  or  other  the  oxygen  to  which 
it  is  exposed,  of  converting  it  int<i  intramolecujlnr  oxygen,  in  which 
condition  it  cannot  be  removed  by  simple  dimitiished  pressure,  so 
that  the  tension  of  oxygen  in  the  musculnr  substaoce  may  be 
considered  as  always  nil ;  white,  on  the  other  hand,  the  muscular 
substance  is  always  undergoing  a  decomposition  of  such  a  kind 
that  carbonic  acid  is  set  free,  sometimes,  as  when  the  muscle  is  at 
rest,  in  small,  sometimes,  as  during  a  contraction,  in  large,  quan- 
tities. But,  if  the  oxygen  tension  of  the  muscular  tissue  be  thus 
always  nil,  the  oxygen  of  the  blood-corpuscles,  in  which  it  is  at 
a  comparatively  high  tcnsjou,  will  be  always  passing  over, 
througn  the  plasma,  through  the  capillary  walls,  the  lymph 
Bpacea,  and  the  sarcolemma,  into  the  muscular  substance,  and  as 
soon  as  it  arrives  there  will  be  hidden  away  m  iutrnmolecular 
oxygen,  leaving  the  oxygen  tension  of  the  muscular  substance 
once  more  nil.  C'onvereely,  the  carbonic  acid  produced  by  the 
decomposition  of  the  muscular  substance  will  tend  to  raise  the 
carbonic  acid  tension  of  the  muscle  until  it  exceeds  that  of  the 
blood  ;  whereupon  it  will  pass  from  the  muscle  into  the  blood,  its 
place  in  the  muscular  substance  being  supplied  by  freshly  gene- 
rated carbonic  acid.  There  will  always,  in  fact,  be  a  stream  of 
oxygen  from  the  blood  to  the  muscle,  and  of  carbonic  acid  from 
the  muscle  to  the  blood.  The  respiration  of  the  muscle,  then, 
does  not  consist  in  throwing  into  the  blood  oxidizable  substances 
there  to  be  oxidized  into  carbonic  acid  and  other  matters,  but  it 
does  consist  in  the  assumption  of  oxygen  taa  intramolecular 
oxygen),  in  the  building  up  by  help  of  that  oxygen  of  explosive 
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decomposable  8ubstaaoes,aa<l  in  the  occurrenoe  of  decompOM 
whereby  carbonic  acid  and  other  mattere  are  discharged  first  into 
the  substance  of  the  muscle  and  subsequently  into  the  blood. 
We  cannot  a^  vet  trace  out  the  steps  taken  by  the  oxygen  from 
the  moment  it  slips  into  its  intramolecular  position  to  the  moment 
when  it  issues  united  with  carbon  as  carbonic  acid.  The  whole 
rnvHtery  of  life  lies  hidden  in  the  story  of  that  progredg,  and  for 
the  present  we  must  be  content  with  simply  knowing  the  b^in- 
oing  and  the  end. 

Our  knowledge  of  the  respiratory  changes  in  muscle  is  more 
complete  than  in  the  case  of  any  other  tissue;  but  we  have  do 
reaaon  to  suppose  the  phenomena  of  muscle  are  exceptional.  On 
the  contrary,  all  the  available  evidence  goes  to  show  that  in  all 
tiasuee  the  oxidation  takes  place  in  the  tissue,  and  not  in  the 
adjoining  blood.  It  is  a  remarkable  fact,  that  lymph,  serous 
fluids,  bile,  urine,  and  milk  contain  a  mere  trace  of  free  or  looaely 
combined  oxygen,  and  saliva  or  pancreatic  juice  a  very  small 
nuantity  only,  while  the  tension  of  carbonic  acid  in  peritoneal 
nuid  and  probably  in  the  tissues  of  the  iutestinal  walls  is  higher 
than  that  of  venous  blood,  and  in  bile  and  urine  is  ^till  greater. 
The  tension  of  carbonic  acid  in  lymph,  while  higher  than  that  of 
arterial  blood,  is  lower  than  that  of  the  general  venous  blood ; 
but  this  probably  is  due  to  the  fact  that  the  lymph  in  its  passage 
onwards  is  largely  exposed  to  arterial  blood  in  the  connective 
tissues  and  in  the  lymphatic  glands,  where  the  production  of  car- 
bonic acid  is  slight  as  compared  to  that  going  on  in  muscles.  All 
these  facts  point  to  the  conclusion,  that  it  is  the  tissues,  and  not 
the  blood,  which  become  primarily  I'juded  with  carbonic  acid^ 
the  latter  simply  receiving  the  gas  from  the  former  by  diffusion^ 
except  the  'probably)  smull  quautity  which  result."  from  the 
metaDolism  of  the  bfoiKi-corpuscles ;  and  that  the  oxygen  which 
passes  from  the  blood  into  the  tissues  is  at  once  taken  up  in  some 
combination,  so  that  it  is  no  longer  removable  by  diminished 
tension. 

In  further  support  of  this  view  may  be  urged  the  fact  that  ]£, 
in  a  froe:,  the  whole  blood  of  the  b<.>dy  be  replaced  by  normal 
saline  solution,  the  total  metabolism  of  the  btxly  is,  for  some  time, 
unchanged.  The  salLne  medium  is  able,  owing  to  the  low  rate  of 
metabolism,  and  large  respiratory  surface  of  the  animal,  to  supply 
the  tissues  with  all  the  oxygen  they  need,  and  to  remove  all  the 
carbonic  acid  they  produce.  It  is  difficult  to  believe  that,  in  such 
an  experiment,  the  oxidation  took  place  in  the  saline  solution 
itself  while  circulating  in  the  bloodvessels  and  tiasue-spaoes  of 
the  animal. 

We  may  add,  that  the  oxidative  power  which  the  blood  itself 
removed  irom  the  body  'i&  able  to  exert  on  substances  which  are 
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undoubtedly  oxidized  in  the  body  is  so  small  that  it  may  be 
nej;[lected  in  the  present  con  si  derations.  If  grape-BUgar  be  added 
to  blood,  or  to  a  solution  of  hremoglobin,  the  mixture  may  be 
kept  for  a  long- time  at  the  tem[>erature  of  the  body,  without 
undergoing  oxidation.  Even  within  the  bo<iy  a  slight  excess  of 
sugar  in  thu  blood,  over  a  certain  percentage,  wholly  escapes 
oxidation,  and  is  discharged  unchanged.  Many  easily  oxidized 
substances,  such  as  pyrugallic  acid,  pass  largely  through  the 
blood  of  a  living  body  without  being  oxidized.  The  organic 
acids,  such  as  citric,  even  in  combination  with  alkaline  bases,  are 
only  partially  oxidized ;  when  administered  as  acids,  and  not  as 
salts,  they  are  hardly  oxidized  at  all.  It  is,  of  course,  quite  pos- 
sible that  the  changes  which  the  blood  undergoes  when  sned 
might  interfere  with  its  oxidative  action,  and  hence  the  fact  that 
shed  blood  htia  little  or  no  oxidizing  power,  is  not  a  satisiaclory 
proof  that  the  unchanged  bloinl  within  the  living  vessels  may 
not  have  such  a  power.  But  did  oxidation  take  place  largely  in 
the  blood  itself,  one  would  expect  even  highly  diffusible  sub- 
stances to  be  oxidized  in  their  transit;  whereas,  if  we  suppose 
the  oxidation  to  take  place  in  the  tissues,  it  becomes  intelligible 
why  such  diffusible  substances  as  those  which  the  tissues  in  gen- 
eral refuse  to  take  up  largely,  should  readily  pass  unchanged 
from  the  blood  through  the  secreting  organs. 

We  have  seen  that  in  muscle  the  production  of  carbonic  acid 
is  not  directly  dependent  on  the  consumption  of  oxygen.  The 
muscle  produces  carbonic  acid  in  an  atmosphere  of  nydrogen. 
What  is  true  of  muscle  is  true  also  of  other  tissues,  and  of  the 
body  at  large.  Spallanzani  and  W.  I0*lward8  showed  lung  ago 
that  animals  might  continue  to  breathe  out  carbonic  acid  in  an 
atmosphere  of  nitrogen  or  hydrogen;  and  more  recently  PtlUger 
has  shown,  by  a  remarkable  experiment,  that  a  frng  kept  at  a 
low  temperature  will  live  for  several  hours,  and  continue  to  pro- 
duce carbonic  acid,  in  nn  atmosphere  absolutely  free  from  oxygen. 
The  carbonic  acid  produced  during  this  period  was  made  by 
help  of  the  oxygen  inspired  in  the  hours  anterior  to  the  com- 
mencement of  the  experiment.  The  oxygen  then  absorbed  wns 
stowed  away  from  the  haemoglobin  into  the  tissues,  it  was  made 
use  of  to  build  up  the  explosive  compounds,  whose  explosions 
later  on  gave  rise  to  the  carbonic  acid.  Or,  to  adopt  Pflilger's 
simile,  the  oxygen  helps  to  wind  up  the  vital  clock;  but  once 
wound  up  the  clock  will  go  on  for  a  period  without  further  wind- 
ing. The  frog  will  continue  to  live,  to'  move,  to  produce  car- 
bonic acid  for  a  while  without  any  fresh  oxygen,  as  we  know  of 
old  it  will  without  any  fresh  food;  it  will  contiuue  bo  do  so  tilt 
the  explosive  compounds  which  the  oxygen  built  up  are  ex- 
baustea;  it  will  go  on  till  the  vital  clock  has  run  down. 
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Owing  to  tbe  cootioual  produdion  of  carbonic  acid,  the  t^ 
of  that  gai  in  the  extravamnilar  elements  of  the  tiesae  ie  al 
higber  than  that  of  the  blood ;  the  gas  acconlingly  pareaij| 
the  tiasoe  into  the  blood,  and  the  venous  blood  passes  00  bo|| 
with  its  hjemoclobin  reduced — •'.  e.,  with  its  oxj^  tenvof 
creased,  bst  abo  with  its  carbonic  acid  tension  increased. ' 
rived  at  tbe  luDgs.  tbe  blood  finds  the  pulmonary  air  at  a  ] 
carbonic  &eid  teu^ioa  than  it«elf.  Tbe  gas  aooordingly  st| 
through  tbe  thin  vascular  and  alveolar  walb,  till  the  tfli 
without  the  bloodvessel  is  equal  to  the  tension  within,  j^ 
same  time,  the  blood  findj)  in  the  air  of  tlie  pulmonary  alvt 
supply  of  oxyeen  more  than  adequate  to  c<»nvert  the  gnaM 
of  the'  reduced haecnoglobin  back  again  to  oxyhiemoglobia.  \ 
the  air  of  tbe  palroonary  alveoli,  having  given  up  oxygen  | 
blood  and  taken  up  carbonic  acid  from  the  blood,  having  a  hi 
carbonic  acid  tension  and  a  lower  oxygen  tension  than  tha 
air  in  tbe  bronchial  passages,  mixes  rapidly  with  this  by  diflli 
Tbe  mixture  i«  further  awisted  by  ascending  and  desoei 
currents;  and  the  tidal  air  iasoes  from  the  cheat  at  the  brcnj 
out  |K»orer  io  oxygen  aud  richer  in  carbonic  acid  than  the. 
air  which  enicred  at  the  breathing  in. 
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Breathing  is  an  involuntary  act.  Though  the  dia[)hragin  and 
all  the  other  muHcles  employed  in  respiration  are  voluntary  mua- 
cles — i.e.,  muscles  which  can  be  called  inlo  action  by  a  direct 
effort  of  the  will,  and  though  respiration  may  he  modified  within 
very  wide  limits  by  the  will,  yet  we  habitually  breathe  without 
the  interventiou  of  the  will ;  the  normal  breathing  may  continue, 
not  only  in  the  absence  of  consciousness,  but  even  after  the 
removal  of  all  the  parts  of  the  brain  above  the  medulla 
oblongata. 

We  have  already  seen  how  complicated  is  even  a  simple  re- 
spiratory act.  A  very  large  number  of  muscles  are  called  into 
play.  Many  of  these  are  very  far  apart  from  each  other,  such 
as  the  diaphragm  and  the  nasal  muscles;  yet  they  act  in  har- 
'  nionioua  setjueuce  in  point  of  time.  If  the  lower  intercostal 
muscles  contracted  before  the  scaleni,  or  if  the  diaphragm  con- 
tracted alternately  with  the  other  chesi-musclea,  the  satisfactory 
entrance  and  exit  of  air  would  be  impossible.  These  muscles, 
moreover,  are  coiJrdinate<l  also  in  respect  of  the  amount  of  their 
several  contraciions ;  a  gentle  and  ordinary  contraction  of  the 
diaphragm  is  accompanied  by  gentle  and  ordinary  contractions 
of  the  iutercostals,  and  these  are  preceded  by  gentle  and  ordinary 
contractions  of  the  scaleni.  A  forcible  contraction  of  the  scaleni, 
followed  by  simply  a  gentle  contraction  of  the  intercostals,  would 
perhaps  hinder  rather  than  assist  inspiration,  and  at  all  events 
would  be  waste  of  power.  Further,  the  whole  complex  inspira- 
tory effort  is  often  followed  by  a  less  marked  but  still  complex 
expirat<»ry  action.  It  is  impossible  that  all  these  so  carefully 
coordinated  muscular  contractions  should  be  brought  about  in 
any  other  way  than  by  coordinate  nervous  impulses  descending 
along  efferent  nerves  from  a  coordinating  centre.  By  experi- 
4nent  we  (ind  this  t-o  be  the  case. 

When  in  a  rabbit  the  trunk  of  a  phrenic  nerve  is  cut,  the  dia- 
pbragm  on  that  side  remains  motionless,  and  respiration  goes  on 
without  it.  When  both  nerves  are  cut,  the  whole  diaphragm 
remains  quiescent,  though  the  respiration  i>ecome8  excessively 
labore*i 

When  an  intercostal  nerve  is  cut,  no  active  respiratory  move- 
ment ifi  seen  in  that  space,  and  when  the  spinal  cord  is  divided 
below  the  origin  of  the  seventh  cervical  spinal  nerve,  costal 
respiration  ceases,  though  the  diaphragm  c<mtinues  to  act  and 
that  with  increased  vigor.  When  the  cord  is  divided  just  below 
the  medulla,  all  thoracic  movements  cease,  but  the  respiratory 
actions  of  the  nostrilB  and  glottis  still  continue.    These,  however, 
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disappear  wbeo  the  facial  aud  recurreDt  laryngeal  are  divided. 
We  have  already  stated  that  after  removal  of  the  brain  above 
the  medulla,  respiration  still  continues  very  much  as  usual,  the 
modifications  which  ensue  from  loss  of  the  brain  being  uneasen- 
tial.  Hence,  putting  all  these  facts  together,  it  is  clear  that  the 
respiratory  movements  are,  as  we  suggested,  brought  about  by 
coordinated  impulses  which,  originated  in  the  medulla,  find  their 
way  thence  along  the  several  eflerent  nerves.  The  proof  is  com- 
pleted by  the  face  that  the  removal  or  extensive  injury  of  the 
medulla  alone  is,  save  in  eiceptioual  cases,  at  once  followed  by 
the  cessation  of  all  respiratory  movements,  even  though  everr 
muscle  and  every  nerve  concerned  be  lefY  intact.  Nav,  more,  if 
only  a  small  portion  of  the  medulla,  a  tract  whose  limits  are  not 
as  yet  exactly  fixed,  but  which  lies  below  the  vaso-motor  centre, 
between  it  and  the  calamus  ecriptoriiin^  be  removed  or  injured, 
respiration  ceases,  aud  death  at  once  ensues.  Hence  this  portion 
of  the  nervous  system  was  called  by  Klourens  the  vital  knot,  or 
ganglion  of  life,  rueud  vital.  We  shall  speak  of  it  as  the  respira- 
tory centre. 

The  nature  of  this  centre  must  be  exceedingly  complex ;  for 
while  even  in  ordinary  respiration  it  gives  rise  to  a  whole  group 
of  coordinate  nervous  impulses  of  inspiration  followed  in  due 
sequence  by  a  smaller  but  still  coordinate  group  of  expiratory 
impulses,  in  labored  respiration  fresh  anil  larger  impulses  are 
generated,  though  still  in  coordination  with  the  normal  ones,  the 
expiratory  events  being  especially  augmented  ;  and  in  the  cases 
of  more  extreme  dyspnoea  and  asphyxia  impulsea  overflow,  so  to 
speak,  from  it  in  all  directions,  though  only  gradually  losing 
their  coordination,  until  almost  every  muscle  in  the  body  is 
thrown  into  contractions. 

We  must  not,  however,  conceive  of  this  centre  as  one  of  such  a 
kind  that  the  impulses  leave  it  fully  coordinated  and  equipped  so 
that  nothing  remains  for  them  but  to  travel,  unchanged,  along  the 
several  efierent  nerve-fibres  to  their  several  muscular  destinations. 
Go  the  contrary  we  have  reason  to  think  that  the  respiratory 
motor  nerves,  like  other  special  nerves  as  they  arc  about  to  iaaue 
from  the  spinal  cord,  are  connected  with  a  nervous  ganglionic 
machinery, — a  point  which  we  shall  ot:>n8ider  more  fully  in 
treating  of  the  spinal  cord ;  and  that  the  respiratory  impulses 
pass  into  and  are  modifie<l  by  such  spinal  nervous  macbinery 
immediately  l>efnre  they  issue  along  the  motor  nerve-roots.  In- 
■dewl  rert»nt  nljaervations  show  that  under  particular  conditions, 
anil  ^  in  young  animals,  respiratory  movements  mav  be 

irr  the  entire  absence  of  the  medulla  oblongata,     "thus 

'ter  removal  of  the  me<lulla,  if  the  excitability  of 
rd  he  heightened!  by  small  dotea  of  strychnia 
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may  respiratory  movements  of  the  cheet  be  induced  iu  a 
reflex  manner,  by  pinching  or  by  blowing  on  the  skin,  but  even 
transient  spontaneous  efforts  ol'  breathing  may  with  care  be 
observed.  These  are  the  exceptional  instanceB  mentioned  above ; 
and  they  show  that  the  respiratory  nervous  mechanism  is  not 
coufiued,  ae  was  once  thou^^ht^  to  the  centre  in  the  medulla,  but 
also  embraces  other  subsidiary  centres  in  the  spinal  cord  below. 
The  respiratory  nervous  system  seems  in  fact  in  many  ways 
analogous  to  the  vaso-motor  nervous  system,  with  its  head  centre 
in  the  mudulla,  and  secondary  centres  elsewhere,  and  to  the 
cardiac  nervous  system  with  its  potent  ganglia  in  the  sinus,  and 
its  secondary  ganglia  in  the  auricles,  and  auriculo-ventricular 

froove.  The  matter  is  not  at  present  thoroughly  workeil  out, 
ut  we  shall  probably  not  greatly  err  in  continuing  to  speak  of 
the  centre  in  the  medulla  as  being  "the  respiratory  centre"  while 
admitting  that  it  wi>rks  tlirough  other  ncrvou»  machinery  placed 
lower  down  in  the  spinal  cord,  and  that  this  subordinate  machinery 
may,  in  exceptional  cases,  carry  out,  though  inadequately,  the 
work  of  the  chief  centre. 

Admitting  then  the  existence  of  this  medullary  respiratory 
centre  the  question  naturally  arises,  Are  we  to  regard  its  rhythmic 
action  as  due  essentially  to  changes  taking  place  in  itself,  or  as 
due  to  aflerent  nervous  impulses  or  other  stimuli  which  affect  it 
in  a  rhythmic  manner  from  without  ?  In  other  words.  Is  the 
action  of  the  centre  automatic  or  purely  reflex?  We  know  that 
the  centre  may  be  influenced  by  impulses  proceeding  from  with- 
out, and  that  the  breathing  may  be  aflected  by  the  action  of  the 
will,  or  by  an  emotion,  or  by  a  daah  of  cold  water  on  the  skin, 
or  in  a  hundred  uther  waya ;  but  the  fact  that  the  action  of  the 
centre  may  be  thus  modified  from  without,  in  do  proof  that  the 
continuance  of  its  activity  is  dependent  on  extrinsic  causes. 

In  attempting  to  decide  this  question  we  naturally  turn  to  the 
pneumngnstric  as  being  the  nerve  most  likely  to  serve  as  the 
channel  of  atfereut  impulses  setting  in  action  the  respiratory 
centre.  If  both  vagi  be  divide*),  rettpiration  still  continues 
though  in  a  nKxlified  form.  This  proves  distinctly  that  afl^erent 
impulses  ascending  those  nerves  are  not  the  eflicieut  cause  of  the 
respiratory  movements.  We  have  seen  that  when  the  spinal  cord 
is  divided  below  the  me<]ulla,  the  facial  and  laryngeal  movements 
still  o<mtinue.  This  proves  that  the  respiratory  centre  is  still  in 
action,  though  its  activity  is  unable  to  manifest  itself  in  any 
thoracic  movement.  But  when  the  cord  is  thus  divided,  the 
respiratory  centre  is  cut  off  from  all  sensory  impulses,  save  those 
which  may  patis  into  it  from  the  cranial  nerves;  and  the  division 
of  these  cranial  nerves  by  themselves,  when  the  medulla  and 
ipin&l  cord  are  letl  intact,  does  not  destroy  respiration.     Hence 
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we  may  infer  that  the  respiratorj  impulses  proceeding  from  the 
respiratory  centre  are  not  simply  afferent  impuUes  reaching  the 
centre  along  afferent  nerves  and  transformed  by  reflex  action  in 
that  centre.  They  evidently  start  de  novo  from  the  centre  it^lf, 
however  much  their  characters  may  1>€  aflected  by  afferent 
impulses  reaching  that  centre  at  the  time  of  iheir  l>eing  gen- 
erated.    The  action  of  the  centre  is  automatic,  not  simply  reflex. 

Among  the  afferent  impulses  which  affect  the  automatic  action 
of  the  centre,  the  most  important  are  those  which  ascend  along 
the  vagi.  If  one  vagus  be  divided,  the  respiration  becomes 
slower;  if  both  be  divided,  it  becomes  very  slow  the  pauaes 
l>etween  expiration  and  inspiration  being  exceeeively  prolonged. 
The  character  of  the  respiratory  movement  too  is  markedly 
changed  ;  each  respiration  is  fuller  and  deeper,  so  much  so 
indeed  that  according  to  some  observers,  what  is  loet  in  rate  is 
gained  in  extent,  the  amount  of  carbonic  acid  produced  and 
oxygen  consumed  in  a  given  period  remaining  after  division  of 
the  nerves  about  the  same  as  when  these  were  intact.  Without 
insisting  too  much  on  the  exactness  of  this  compensation  we  may 
at  least  conclude  from  the  efiects  of  aection  of  the  vagi,  in  the 
first  place,  that  during  life  afferent  impulses  are  continually 
ascending  the  vagi  and  modifying  the  action  of  the  respiratory 
centre,  and  in  the  second  place,  that  the  modification  bears  chiefly 
on  the  distribution  in  time  of  the  efferent  respiratory  impulsesi 
and  not  so  much  on  the  amount  to  which  they  are  generated. 

These  afferent  impulses  are  probably  started  in  the  lungs  by 
the  condition  of  the  blood  in  the  pulmonary  capillaries  actin?  as 
a  stimulus  to  the  peripheral  endings  of  the  nerves,  though  poesioly 
the  altereft  air  in  the  air-cells  may  also  act  as  a  stimulus  to  the 
nerve-endings.  It  has  further  been  suggested  that  the  mere 
movements  of  expansion  and  contraction  may  also  serve  as  a 
stimulus.  Thus  when  air  is  mechanically  driven  into  the  chest, 
an  expiratory  movement  follows,  and  when  air  is  drawn  out,  an 
inspirator}' ;  and  this  not  only  with  atmospheric  air  but  with 
indifferent  gases,  such  as  nitrogen  ;  when  both  vagi  are  cut,  these 
ef!ecta  do  not  ap|>ear.  So  also,  when  in  an  animal,  after  division 
of  the  spinal  conl  below  the  medulla,  artificial  respiration  is  kept 
up,  the  respiratory  movements  of  the  nostrils  follow  the  rhythm 
of  the  artificial  respiration  so  long  as  the  vagi  are  intact ;  when 
these  are  divider!  the  movements  of  the  nostrils  exhibit  a  rhythm 
inde[>endent  of  thrjse  of  the  chet^t.  From  this  it  is  inferred  that 
the  mere  mechanical  expansion  of  the  lungs  transmits  along  the 
vagus  an  impulse  tending  Uj  inhibit  inspiration  and  to  generate 
an  expiration,  and  the  mechanical  contraction  of  the  lungs  an 
impulse  tending  to  inhibit  expiration  and  to  generate  an  inspira- 
tion.    That  is  to  say,  the  very  expansion  of  the  lungs,  which  is 
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uatural  eflect  of  an  inspiration,  tends  of  itself  to  cut  short 
that  inspiration  and  to  inaugurate  the  sequent  expiration,  and 
similarly  tbo  contraction  of  an  expiration  promotes  the  following 
inspiration.  The  luu^  iu  fact  may  be  spoken  of  as  being  so  far 
self-regulating. 

The  influence  of  the  vagus  is  further  shown  by  the  following 
experiment.  If  the  medulla  oblongata  be  careuilly  divided  in 
the  middle  line,  respiratit^n  may  continue  to  go  on  in  quite  a 
normal  fashion,  indicating  that  the  centre  is  composed  of  two 
htteral  halves  placed  one  on  each  side  of  the  median  line.  If 
however  one  vagus  be  then  divided,  the  respiratory  movements 
both  costal  and  diaphragmatic,  on  the  side  of  the  body  on  which 
division  of  the  vagus  lias  taken  place,  become  slower  than  those 
on  the  other  side,  so  that  the  two  sides  are  no  longer  synchronous. 
Obviously  the  vagus  inHuences  primarily  the  respiratory  centre 
of  it«  own  side;  though  under  normal  conditions  the  two  halves 
of  the  centre  work  in  harmony  and  synchronism. 

When  afler  division  of  both  vagi,  the  medulla  being  intact, 
the  central  stump  of  one  vagus  is  stimulated  with  a  gentle  inter- 
rupted current,  the  respiration,  which  from  the  division  of  the 
nerves  had  become  slow,  is  quickened  again;  and  with  catc,  by 
B  proper  Bi)plicatiou  of  the  stimulus,  the  normal  respiratory 
rhythm  may  for  a  time  be  restored,  lljion  the  cessation  of  the 
stimulus,  the  slower  rhythm  returns.  If  the  current  be  increasef] 
in  strength,  the  rhythm  may  in  some  ca^es  be  so  accelerated  that 
at  last  the  diaphragm  is  brought  into  a  condition  of  prolonged 
tetanus,  and  a  standstill  of  respiration  in  an  extreme  inspiratory 
phase  is  the  result. 

If  the  central  end  of  the  superior  laryngeal  branch  of  the 
vagus  be  stimulated,  whether  the  main  trunk  of  the  nerve  be 
severed  or  not,  a  slowing  of  the  respiration  lakes  place,  and  this 
may  by  proper  i^timulatiou  be  carried  so  far  that  a  complete 
standstill  of  respiration  in  the  phiise  of  rest  h  brought  al)out — 
1.  e.j  the  respiratory  apparatus  remains  in  the  condition  which 
nbtaina  at  the  close  of  an  ordinary  expiration,  the  diaphragm 
being  completely  relaxed.  In  other  words,  the  superior  laryn- 
geal nerve  contains  fibres,  the  stimulation  of  which  produces 
afferent  impulses  whose  eff*ect  is  to  inhibit  the  action  of  the  re- 
spiratory centre;  while  the  main  trunk  of  the  vagus  contains 
Hbre«,  the  stimulation  of  which  produces  afferent  impulses  whose 
effect  is  to  accelerate  or  augment  the  action  of  the  respiratory 
centre.  In  some  cases  stimulation  of  the  main  trunk  of  the 
vagus  also  causes  a  slowing  or  even  standstill  of  the  respiration, 
as  for  instance  in  deep  chloral  narcosis  or  when  the  nerve  has 
become  exhauste^l  by  previous  stimulation.  Stimulation  of  the 
superior   laryngeal  frequently   produces   not  only   a   complete 
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oesBatioD  of  all  inepiralury  moveraeuts,  as  indicated  by  the  per- 
fectly lax  diaphragm,  but  also  rontmctions  of  the  abdominal 
muscles  iudicatiug  au  expiratory  etfort ;  and  it  is  obvious  that 
ithe  c<tmmcnccment  of  an  expiration  must  be  preceded  by  a 
cesdation  of  inspiratory  effects,  just  as  similarly  iuspiratiou  must 
be  preceded  by  the  cessation  of  exniratioD.  Hence  the  iudu- 
encos  which  inhibit  inspiration  are  oiten  spoken  of  as  expiratory 
though  they  may  not  ^  so  far  as  to  produce  an  actual  expiration. 
CV)rre8ponding  to  tne»e  antagonistic  influences  we  may  suppose 
the  existence  of  separate  fibres,  augmentative  or  inspiratory 
fibres,  the  stimulation  of  which  leads  to  inspiratory  movements, 
and  inhibitory  or  expiratory  fibres  the  stimulation  of  which 
checks  inspiratiuu  and  subsequently  gives  rise  to  expiration. 
But  it  must  be  remembered  that  the  existence  of  these  fibres  is 
hypothetical,  and  that  some  other  explanation  may  eventually 
be  given  of  the  facts  which  we  have  just  described.  Indeed  we 
are  not  able  at  present  to  give  a  wholly  consistent  and  satis- 
factory explanation  of  the  nature  and  working  of  the  respiratory 
centre.  Apparently  we  must  conceive  of  its  consisting  of  two 
parts,  an  inspiratory  and  an  expiratory  :  and  direct  stimulation 
of  the  medulla  produces  sometimes  inspiration,  sometimes  ex- 
piration ;  but  the  two  parts  must  be  considered  as  coordinated  in 
such  a  way  as  to  act  alternately.  Of  the  two  the  inspiratory 
centre  is  in  ordinary  life  the  more  important,  the  more  sensitive 
and  the  more  active,  since  in  normal  breathing  active  expiratory 
effects  are  scanty,  and  the  emptying  of  the  chest  is  chiefly  the 
re.sult  of  the  cessation  of  inspiration.  Under  conditions,  bow- 
ever,  which  we  shall  speak  of  presently  under  the  name  of  dy8|>- 
ncea,  the  expiratory  centre  comes  distinctly  into  play,  since 
actual  expiratory  e^orti^  come  to  the  front  and,  as  we  shall  see, 
the  greater  the  difficulty  of  breathing  the  more  and  more  promi- 
nent they  become.  We  may  picture  to  ourselves,  as  Rosenthal 
has  done,  that  the  inspiratory  centre  is  the  seat  of  two  conflicting 
processes,  one  tending  to  the  discharge  of  inspiratory  impulses 
and  the  other  offering  resistance  to  that  discharge,  the  former 
gathering  head  during  a  period  of  rest  and  so  at  last  overcoming 
the  latter,  and  effecting  an  actual  discharge.  Artcr  this  the 
accumulation  of  inspiratory  processes  once  more  begins,  and 
once  more  terminates  in  a  discfiarge,  thus  leading  to  the  rhythm 
of  respiration.  We  may  further  suppose  that  the  augmentative 
impulses  ascending  the  vagi,  pnxiuce  their  effects  by  diminishing 
the  processes  of  resistance,  and  thus  bring  about  movements 
whicli  are  at  once  quicker  and  less  ample.  But  we  have  to  add 
to  this  c<tnception  some  view  as  in  the  relation  of  the  expiratory 
to  the  inypirntory  centre  in  order  to  explain  why  the  impulses 
inhibitory  to  the  latter  should  be  augmentative  to  the  former* 
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ludeed  the  whole  matter  becomes  too  complicated  to  be  discussed 
any  further  here;  and  we  have  introduced  the  view  not  because 
we  regard  it  as  an  adequate  explauatiuu  of  the  phenomena,  but 
because  it  aifurds  a  useful  graphic  conception  uf  the  molecular 
activity  of  these  and  other  automatic  nervous  centres.  We  may 
be  at  present  cuutent  with  the  knowledge  that,  as  far  as  the  vagus 
is  concerned,  the  respiratory  centre  as  a  whole  may  be  influenced 
by  augmentative  or  inspiratory  impulses  which  run  chiefly  in  the 
trunk  of  the  nerve  and  by  inhibitory  or  expiratory  impulses  which 
run  certainly  in  the  superior  laryngeal,  apparently  also  in  the 
recurrent  laryngeal,  and  to  a  certain  extent  in  the  trunk  also; 
in  the  latter  case,  however,  their  presence  is  manifested  under 
certain  conditions  only.  And  while,  from  the  results  of  simple 
section  of  the  main  trunk,  it  is  clear  that  the  accelerating  innu- 
ences  are  continually  at  work,  it  is  not  so  clear  that  the  inhibitory 
influences  are  always  in  action,  since  section  even  of  both  superior 
laryngeiils  does  not  necessarily  quicken  respiration. 

This  double  or  alternate  respiratory  actiou  of  the  vagi  may  be 
taken  as  in  a  general  way  illustrative  of  the  manner  in  which 
other  afllereut  nerves  and  various  parte  of  the  cerebrum  are 
enabled  to  influence  respiration.  As  we  know  from  daily  experi- 
ence, of  all  the  apsychical  nervous  centres,  the  respiratory  centre 
is  the  one  which  is  most  frequently  and  most  deeply  affected  by 
nervous  impulses  from  various  quarters.  Besides  the  changes 
brought  about  by  the  will  (and  when  we  breathe  voluntarily 
we  probably  make  use  to  some  extent  of  the  normal  nervous 
machinery  of  respiration,  working  through  this,  rather  than 
Bending  independent  volitional  impulses  direct  to  the  diaphragm 
and  other  respiratory  muscles),  we  find  that  emotions,  and 
painful  sensations  alter  profoundly  the  character  of  the  respira- 
tory movements.  Sometimes  the  breathing  thereby  becomes 
quicker  an<l  flatter,  sometimes  it  is  deepened  as  welt  as  hurried  ; 
at  other  times  it  may  be  slowed  or  for  a  while  8top[>ed  altogether, 
while  occasionally  expiratory  eflbrts  are  made  prominent.  And 
though  these  effects  may  be  partly  indirect,  the  emotion  modify- 
ing the  heart-beat,  and  so  influencing  the  flow  of  blood  through 
the  respiratory  centre,  they  are  chiefly  due  to  the  direct  actions 
of  nervous  impulses  reaching  that  centre  from  higher  parts  of  the 
brain.  So  also  impulses  from  almost  every  sentient  surface,  or 
passing  along  almost  every  sensory  nerve,  may  modify  respiration 
in  one  direction  or  another,  the  slighter  feebler  impulses  tending 
apparently  to  quicken,  and  the  stronger  larger  impulses  to  arrest 
or  inhibit  the  respiratory  (liacharges.  The  influences  in  this  way 
of  stimuli  applied  to  the  skin  is  welt  known  to  all ;  hut  perhaps 
next  to  the  vagus  the  nerve  most  closely  connected  with  the 
respiratory  centre  is  the  fiilh  nerve,  branches  of  which  guard  tk«i 
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nasal  respiratory  channels ;  the  slightest  stimulation  of  the  nostrils 
at  once  affecting  the  breathing  and  most  frequently  arresting  it 
Thus  the  working  of  the  respiratory  centre  is  made  to  respond 
delicately  to  the  varying  needs  of  the  economy. 

Besides  these  nervous  influences,  however,  there  is  another  cir- 
cumstnnce  which  perhaps  ahovc  all  others  affects  the  respiratory 
centre,  and  that  is  the  condition  of  the  blood  in  respect  to  its 
respiratory  changes :  the  more  venous  <  less  arterial)  the  blood, 
the  greater  is  the  activity  of  the  respiratory  centre.  When  by 
reason  either  of  any  hindrance  to  the  entrance  of  air  into  the 
chest,  or  of  n  greater  respiratory  activity  of  the  tissues,  as  during 
muscular  exertioo,  the  blood  becomes  less  arterial,  more  venous 
— L  e.y  with  a  smaller  charge  of  oxyhiemoglobin  and  more  heavily 
laden  with  carbonic  ncid,  the  respiration  from  being  normal  be- 
comes  labored.  We  may  apeak  of  normal  breathing  as  euprugOf 
and  say  that  this,  when  the  blood  is  insufficiently  arterialized, 
passes  into  dygpnoBa,  an  intermediate  stage  in  which  the  respiratory 
moroments  are  aimply  exaggerated  being  known  as  kyperpnan. 
This  effect  of  deticient  arterial izati on  of  blood  is  very  different 
from  thHi  of  section  of  the  vagi :  it  is  no  mere  change  in  the 
distribution  of  impulses;  the  breathing  is  quicker  as  well  as 
deeper,  there  is  an  increase  in  the  sum  of  efferent  impulses  pro- 
oeeaiog  from  the  centre,  and  the  expiratory  impulses,  vhich  in 
normal  respiration  are  very  slight,  acquire  a  pronounced  import 
tance.  As  the  blood  becomes,  in  cases  of  olistruction,  less  and  Imb 
arterial,  more  and  more  venous,  the  discharge  from  the  respiratory 
centre  becomes  more  and  more  vehement,  and  instead  of  confining 
itself  to  the  usual  tracts,  and  passing  down  to  the  ordinary  respir- 
atory muscles,  overflows  into  other  tracts,  puts  into  actitm  other 
muscles,  until  there  is  perhaps  hardly  a  muscle  in  the  body  which 
is  not  made  to  feci  its  effects.  And  this  discharge  may,  as  we 
shall  see  in  speaking  of  asphyxia,  continue  till  the  nervous  energy 
of  the  respiratory  centre  is  completely  exhausted.  The  effect  of 
venous  blood  then  is  to  augment  these  natural  explosive  decom- 
positions of  the  nerve-cells  of  the  respiratory  centre  which  give 
rise  to  respiratory  impulses;  it  increases  tlieir  amount,  and  also 
quickens  their  rhythm.  The  later  change  however  is  much  less 
marked  than  the  former,  the  respiration  being  much  more 
deepened  than  hurried,  and  the  several  respiratory  acts  are  never 
80  much  hastened  as  to  catch  each  other  up,  and  so  to  produce  an 
inspiratory  tetanus  like  that  resulting  from  stimulation  of  the 
vagus.  On  the  contrary,  especially  as  exhaustion  begins  to  set 
in,  the  rhythm  becimes  slower  out  of  proportion  to  the  weakening 
of  the  individual  movements. 

On  the  other  hand,  the  blood  may  be  made  not  more  but  len 
venous  than  usual.     When  we  attempt  to  hold  our  breath,  we 
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that  we  can  only  do  this  for  a  limited  time  ;  Booner  or  later 
a  breath  must  come  ;  but  the  time  during  which  we  can  remain 
without  breathing  may  he  much  prolonged,  if  we  first  of  all  take  a 
Aenes  of  deep  breathe.  By  this  increased  ventilation  we  bring 
our  respiratory  centre  into  such  a  condition  that  it  takes  a  much 
longer  time  for  the  succeeding  respiratory  impulses  to  become 
irreiiistible.  A  similar  but  even  more  pronounced  condition  may 
be  brought  about  in  an  animal  by  making  it  inspire  oxygen,  or 
breathe  ordinary  air  more  rapidly  and  more  forcibly  than  the 
needs  of  the  economy  require.  If  in  a  rabbit  artificial  respira- 
tion is  carried  on  very  vigorously  for  a  while,  and  then  suddenly 
stopped,  the  animal  does  not  immediately  begin  to  breathe.  For 
a  variable  period  no  respiration  takes  pface  at  all,  and  when  it 
does  begin, occurs  gently  and  normally, only  passing  into  dyspncua 
if  the  animal  is  unable  to  breathe  of  itself;  and  even  tnen  the 
transition  is  quite  gradual.  Evidently  during  this  period  the 
respiratory  centre  is  in  a  state  of  complete  re^t,  no  explosions  are 
taking  place,  no  respiratory  impulses  are  being  generated,  and 
the  quiet  transition  Irom  this  condition  to  that  of  normal  re^^pira- 
lion  shows  that  the  subsequent  generation  of  impulses  is  attended 
by  no  great  disturbance.  The  cause  of  this  state  of  things,  which 
18  known  as  that  of  apnosa,  is  to  be  sought  for  in  the  condition  of 
the  blood.  By  the  increased  vigor  of  the  artificial  respiratory 
movements,  the  haemoglobin  of  the  arterial  blood,  which  in 
normal  breathing  is  not  quite  saturated,  becomes  almost  com- 
pletely BO,  and  the  quantity  of  oxygen  simply  dissolved  is 
inoreosed,  its  tension  being  largely  augmented.  Respiration  is 
arrested  because  the  blood  is  more  highly  arterialized  than  usual. 
Thus,  we  have  in  apncca  the  converse  to  dyspuwa ;  and  both 
Btatee  point  to  the  same  conclusion,  that  the  activity  of  the  re- 
spiratory centre  is  dependent  on  the  condition  of  the  blood, 
being  augmented  when  the  blood  'n*  less  arterial  and  more 
venous,  being  depressed  when  it  is  more  arterial  and  less  venou:* 
than  usual. 

The  question  now  arises,  Does  this  condition  of  the  bloofl  affect 
the  respiratory  centre  directly,  or  does  it  produce  its  effect  by 
stimulating  the  peripheral  ends  of  afferent  nerves  in  various 
parts  of  the  body,  and,  by  the  creation  there  of  afferent  impulses, 
indirectly  modiiy'  the  action  of  the  centre?  Without  denying 
the  possinility  that  the  latter  mode  of  action  may  help  in  the 
matter,  as  regards  not  only  the  vagi,  but  all  afferent  nerves,  it  ia 
clear  from  the  following  reascms  that  the  main  effect  is  produced 
by  the  direct  action  of  the  blood  on  the  respiratory  centre  itself. 
If  the  spinal  cord  be  divided  below  the  medulla  oblongata,  and 
both  vagi  be  cut,  want  of  proper  aeration  of  the  blood  still  pro- 
duces an  increased  activity  of  the  respiratory  centre^  as  shown 
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by  the  increased  vigor  of  the  facial  reepiratory  movementfl.    If 

the  supply  of  blood  be  cut  oft'  trom  the  medulla  by  ligature  of 
the  bloodvessels  of  the  neck,  dyspna-a  is  produced,  though  the 
o[>cratiou  produces  no  obaiige  in  the  blood  generallv,  but  eirnply 
atf'ecta  the  respiratory  conditiou  of  the  medulla  itself,  by  cutting 
ott'itfl  blood-supply,  the  immediate  result  of  which  is  an  accumu- 
lation of  carbonic  acid  and  a  paucity  of  available  oxygen  in  the 
protoplasm  of  the  nerve-cella  in  that  region.  If  the  blood  in  the 
carotid  artery  in  an  animal  be  warmed  above  the  normal,  dysp- 
noea is  at  once  produced.  The  overwarm  blood  hurries  on  the 
activity  of  the  nerve-cells  of  the  respiratory  ceutre,  so  that  the 
supply  of  bloofi,  even  though  greater  than  normal  owiug  to  the 
bloodvessels  of  the  medulla  becoming  dilated  by  the  increased 
temperature,  is  yet  iusufficient  for  their  needs.  The  condition  of 
the  olood,  then,  aflects  respiration  by  acting  directly  on  the  re- 
spiratory centre  itself. 

Deficient  aeration  produces  two  effects  in  blood  :  it  diminishes 
the  oxygen,  and  increases  the  carbonic  acid.  Do  both  of  these 
changes  affect  the  respiratory  centre,  or  only  one,  and  if  so,  which  ? 
When  an  animal  is  made  to  breathe  an  atmosphere  containing 
nitrogen  only,  the  exit  of  carbonic  acid  by  diffusion  is  not  affected, 
and  the  blood,  as  is  proved  by  actual  analysis,  contains  no  excess 
of  carbonic  acid.  Yet  all  the  pheuomeua  of  dyspnoea  are  nreflent. 
In  this  case,  the^e  can  only  be  attributed  to  the  deficiency  of 
oxygen.  On  the  other  hand,  if  an  animal  be  made  to  breathe  an 
atmosphere  rich  in  carbonic  aciil,  but  at  the  same  time  containing 
abundance  of  oxygen,  though  the  breathing  l>ecomes  markedly 
deeper  and  also  somewhat  more  fretjuent,  there  is  no  culmination 
in  a  convulsive  asphyxia,  even  when  the  (|uantity  of  carbonic 
acid  in  the  blood,  as  nhowu  by  direct  aualysis,  is  very  largely 
increased.  On  the  contrary,  the  increase  in  the  respiratory 
movements  ailer  a  while  passes  off,  the  animal  beconiiug  unoou- 
BciouSj  and  appearing  to  be  suffering  rather  from  a  narcotic  poison 
than  from  simple  dy<}puo?a.  It  does  not  seem  certain  that  the 
increased  respiratory  movements  seen  at  first  are  the  direct  result 
of  the  action  of  the  carbonic  acid  on  the  respiratory  centre ;  it  is 
poesible  that  the  carbonic  acid  may  affect  the  respiratory  centre 
in  an  indirect  way,  by  stimulating  the  respiratory  passagee,  or 
by  its  action  on  higher  parts  of  the  brain  ;  and  in  all  cases  there 
is  a  marked  contrast  between  the  slow  development  and  evanes- 
cent character  of  the  hy|>erpno'a  of  carbonic  acid  poisoning,  and 
the  rapid  onset  and  s|>eedy  culniiualiou  in  convulsions  aud  death 
of  the  dy3pn<i>a  due  to  the  absence  of  oxygen.  There  can,  in 
fact,  be  no  doubt  that  the  action  of  deficiently  arterialize<l  blood 
on  the  respiratory  ceutre,  aa  mauifeeled  in  an  augmentation  of 


I 
I 


BFFBCTS   ON    CIRCULATION. 


429 


respiratory  exploeions,  is  due  primarily  to  a  want  of  oxygen, 
and  in  a  secondary  manner  only  to  an  excess  of  carbonic  acid. 

[The  action  of  drugs  upon  the  respirHtory  centres  and  periph- 
eral pulmonic  vagi  nerves,  is  both  physiologically  and  theru- 
peutically  of  considerable  interest.  Thus,  it  has  been  found  that 
ammonia  etimuIateB  the  respiratory  centres;  belladonna  first 
stimulates,  afterwards  paralyzes  (?)  them  ;  and  salicylic  acid  in 
small  di^es  stimulates  and  in  large  doses  paralyzes  the  centres. 
Apomorphia  stimulates  the  peripheral  nerves,  and  in  rabbits  the 
centres  also.  Aconite,  hydrocyanic  acid,  opium,  catfein,  ether, 
chloral,  nitriteof  amyl,  veratria,  and  many  other  drugs  paralyze 
the  centres.] 

Chejrne-Stokes  Respiration. — A  remarkable  abnormal  rhythm 
of  respiration,  tirst  observetl  by  Chcyne,  hut  aflerwanls  mnrv 
fully  studied  by  Stokes,  and  hence  called  by  their  combined 
names,  occurs  in  certain  f>atholo^ical  cages.  The  respiratory 
movements  gradually  decrease  both  in  extent  and  rapidity  until 
they  cease  altogether,  and  a  condition  of  apncca,  lasting  it  may 
be  for  several  seconds,  ensues.  This  is  followed  by  a  feeble 
respiration,  succeeded  in  turn  by  a  somewhat  stronger  one,  and 
thus  the  respiration  returns  gradually  to  the  normal,  or  may  even 
rise  to  hyperpncoa  or  slight  dyspmea,  afler  which  it  again  declines 
in  a  similar  manner.  A  tiecoudary  rhythm  of  respiration  is  thus 
developed,  periods  of  normal  or  aliglitiy  dyspn^pic  respiration 
alternating  by  gradual  transitions  with  periods  of  apmi^a.  The 
cause  of  the  phenomena  is  not  thoroughly  understood.  Htokcs 
connected  it  with  a  fattv  condition  of  the  heart,  Vnit  it  has  been 
met  with  in  various  inaladies.  Closely  similar  phenomena  have 
been  observed  during  sleep,  under  perfectly  normal  conditions. 
It  presents  a  striking  analogy  with  the  "groups"  of  heart-beats 
80  frequently  seen  in  the  frog's  ventricle  placed  under  abnormal 
circumstances. 


Sec.  7. — The  Effects  of  Kij»piration  on  the  Cibculation. 


We  have  seen,  while  treating  of  the  circulation,  that  the  blood- 
pressure  curves  are  marked  by  undulations,  which,  since  their 
rhythm  is  synchronous  with  that  of  the  respiratory  movements, 
are  evidently  in  some  way  connected  with  respiration. 

When  these  undulations  of  the  blood-pressure  curve  are  com- 
paretl  carefully  with  the  respiratory  movements  or  with  the 
variations  of   intrathoracic  pressure,  it  is  seen  that  while  in 

feneral  the  blood-pressure   rises   during   inspiration   and   falls 
uring  expiration  neither  the  rise  nor  the  fall  of  the  former  is 
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exactl^r  synchronous  with  either  inspiration  or  expiration.  Fig. 
135  shows  two  tracings  from  a  dog  taken  at  the  same  time,  one» 
a,  being  the  onliuary  bl<x»J-presaure  curve  from  the  cATOtid,  and 
the  other,  b,  representing  the  condition  of  the  intrathoracic 
pressure  as  obtained  by  carefully  bringing  a  manometer  into 
connection  with  the  pleural    cavity.     Oo  comparing  the   two 

Fxo.  18S. 


('••MrAKIi«)N   or  nillllll  flMfl   OVftTS  Vtm  OVBVX  or  T?«TIIAT1I«R«t-|r 
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dtMTfliil  liDlng  Trrr  nwrkod.  b  U  tlin  nirvo  vt  iiitnithonrii-  promaro  cibtAlned  bj  ainnortlD^ 
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curves,  it  is  evident  that  neither  the  maximum  nor  the  minimum 
of  arterial  pressure  coincides  exactly  cither  with  inapiration  or 
with  expiration.  At  the  beginning  of  inspiration  (i)  the  arterial 
pressure  is  seen  to  be  falling ;  it  smm  however  begins  to  rise,  but 
does  not  reach  the  maximum  until  some  time  aAer  expiration  (0) 
has  begun  ;  the  fall  contiuucs  during  the  remainder  of  expiration, 
&Qd  pasBes  on  into  the  succeeding  iuspirutiou. 

This  suggests  the  idea  that,  while  inspiration  tends  to  increaM 
and  expiration  to  diminish  the  blood-pressure,  there  are  causes 
at  work  which  in  each  case  delay  the  effect.  Extended  obser- 
vations however  show  that  such  a  relation  as  that  shown  in  the 
iigure  though  frequent  is  not  constant.  In  fact  the  effects  of  the 
respiratory  movements  on  blood-preasure  are  found  to  vary  very 
widely  according  as  the  respiration  is  uuick  or  slow,  easy  an^ 
shallow  or  labored  and  deep,  and  especially  as  the  air  enters  into 
the  chest  readily  or  with  dirticully.  A  similar  variety  of  effect 
is  seen  in  pphyginographic  tracings,  and  these  further  show  that 
the  respiratory  movements  bring  about  changes  not  only  in  the 
mean  blood-preeeure  but  in  the  form  and  ch&ractere  of  each 
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palse-wave.  In  Fig.  136,  which  representa  a  state  of  things 
frequently  occurring,  but  wliich  luxist  not  be  considered  as  illus- 
trating what  always  takes  place,  it  will  be  seen  that  during  the 
greater  part  of  expiration  the  pulse-wave  is  high  and  the  dicrotic 
wave  is  not  very  prominent,  while  during  inspiration  the  height 
of  the  wave  is  diminished,  and  dicrotism  becomes  much  more' 
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fnOnenr*  of  reiplrmUoii  on  the  form  nf  tlio  rmlw-wuve  and  t>)«  nftdtiun  1ilo<.Ml-pr>?««ui« 
Th<*  u[i|M>r  curvM  givf*  Ui<?  hmIIiU  |>iil«r  f^ntii  »  fiimltliy  iimn  '>T  jcjiri  of  agp,  nml  with  nil 
oxUm-ortcrlaU  prennrfl  of  70  limi.  m'cmiry.  Th«  lowrnr  ctin-fl  ^*wi  ttic  movetnoDbi  of  ttM 
ctuMt-wttll,  tho  |iolnt>  of  the  rvTcnlinif  lororn  of  Ixtth  iiutmniciibi  beint;  In  tlte  aamo  Tvrtlcml 
tlDc.  It  L-an  In  hcvd  llimt  iliiHii^  in<i]<fra!i>iit  thi*  |>iilm-wKTes  dimiuiiih  Id  height  ami  Imcnmn 
inorv  (Urrvtli<',  while  durfD)c  cxiilrution  thu  hrlghi  <»r  tbe  pube-wavM  in  incrsHMJ  and  Ihoir 
fann  l«ii<1fl  mon  townrdi  tlut  xf  the  jmUfl-waTo  wltb  b  tmlaed  krtt^rial  prvMur^, 

marked ;  the  former  indicates  a  higher  and  the  latter  a  lower 
blood-pressure. 

These  variations  in  the  exact  relations  of  the  respiratory  undu- 
lations to  the  respiratory  movements  themselves  will  prepare  the 
reader  for  the  statement  that  the  causation  of  the  undulations  is 
complex.  Apparently  the  respiratory  act  affects  the  vascular 
system  in  several  different  ways,  and  the  general  effect  varies 
according  as  one  or  other  iufluence  ia  predomiuant.  These 
several  actions  are  sufficiently  interesting  and  important  to  de- 
serve discussion. 

When  the  brain  of  a  living  mammal  is  exiMJsed  by  the  removal 
of  the  skull,  a  rhythmic  rise  and  fall  of  the  cerebral  mass,  a 
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EuIsatioD  of  the  brain,  quite  distiDct  from  the  movements 
y  the  pulse  in  the  arteries  of  the  brain,  is  observed  ;  and  upon 
examination  it  ^v)ll  be  found  that  these  movements  are  synchro- 
nous with  the  respiratory  movements,  the  brain  rising  up  during 
expiration  and  sinking  during  inspiration.  They  disappear 
when  the  arteries  going  to  the  brain  are  ligatured,  or  when  the 
venous  sinuses  of  the  dura  muter  arc  laid  open  so  as  to  admit  of 
a  free  escape  of  the  venous  blood.  They  evidently  arise  from 
the  expiratory  movements  in  some  way  hindering  and  the  io- 
spiratory  movements  assisting  the  return  of  btood  from  the 
brain.  We  have  already  (p.  ll>7)  staled  that  during  inspiration 
the  pressure  of  blood  in  the  great  veins  may  berome  negative — 
t.  e.,  sink  below  the  pressure  of  the  atmosphere  ;  and  a  puncture 
of  one  of  these  veins  may  cause  immediate  death  by  air  being 
actually  drawn  into  the  vein  and  thus  into  the  heart  during  an 
inspiratory  movement.  Wlieu  the  veins  of  an  animal  are  laid 
bare  in  the  neck  and  watched,  the  so-called  pnhiis  venonu  may- 
be observed  in  them — that  is,  they  swell  up  during  expiration 
and  diminish  again  during  inspiration.  And  indeed  a  little 
consideration  will  show  that  the  expansion  and  contraction  of 
the  chest  must  have  a  decide<l  effect  on  the  flow  of  blood 
through  the  thoracic  portion  of,  and  thus  indirectly  on  that 
through  the  whole  of  the  vascular  system. 

The  heart  and  great  bloodvessels  are,  like  the  lungs,  placed  in 
the  air-tight  thoracic  cavity,  and  are  subject  like  the  lungs  to 
the  pumping  action  of  the  rt'Spiratory  movements.  Were  the 
lungs  entrely  absent  from  the  chest,  the  whole  force  of  the  expan- 
sion of  the  thorax  iu  inspiration  would  be  directed  to  drawing 
blood  from  the  extrathoracic  vessels  towards  the  heart, and  con- 
versely the  eflect  of  the  contraction  of  the  thorax  in  expiration 
would  be  to  drive  the  blood  hack  again  from  the  heart  towards 
the  extrathoracic  vessels.  In  the  presence  of  the  lungs,  however, 
the  free  entrance  of  air  into  the  interior  of  the  chest  tends  to 
maintain  the  pressure  around  the  heart  and  great  vessels  within 
the  thorax  eijual  to  the  ordinary  atmospheric  pressure  on  the 
veasels  of  the  rest  of  the  body  outside  the  thorax,  but  it  is 
unable  completely  to  equalize  the  two  pressures.  Did  the  air 
enter  as  freely  into  the  lungs  as  it  does  mto  the  pleural  cavities 
when  wide  openings  are  made  in  the  thoracic  walls,  the  raipira- 
tory  movementis  would  have  very  little  eflect  indeed  on  the  flow 
of  blood  to  and  from  the  heart,  just  as  when  such  free  openings 
exist  they  are  ineflectual  in  promoting  the  entrance  and  exit  of 
air  to  and  from  the  lungs.  But  the  air  does  not  pass  into  the 
pulmonary  alveoli  as  freely  as  it  would  do  into  a  pleural  cavity 
through  an  opening  in  the  thoracic  wall.  Before  the  inspired  air 
can  flll  a  pulmonary  alveolus,  the  walls  of  the  alveolus  have  to 
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be  disleoded  at  Uie  experuse  of  the  pres&ure  which  catues  the  in- 
spired  air  to  rnier.  Part  of  the  atmospheric  pressure,  id  fact, 
which  causes  the  eiilrnnce  of  the  air  into  the  lung  is  Hpent  in 
uvercoiuing  the  tilat>tit>ity  of  the  pulmonary  paBsages  ana  cells. 
Consequently,  any  structure  lying  within  the  thorax  but  outside 
the  lungs,  is  never,  even  at  the  couclusiuu  of  un  inspirutiou  when 
the  lungs  are  filled  with  air,  subject  to  a  pressure  as  great  as 
that  of  the  atmosphere.  The  pressure  on  such  a  structure  always 
falls  short  of  the  presnuro  of  the  atmosphere  by  the  amount  of 
pressure  necessary  to  counterbalance  the  elasticity  of  the  pul- 
monary )>as8ages  and  cells.  And,  since  the  fraction  of  the  at- 
mospheric pressure  which  is  thus  spent  in  distending  the  lungs 
increases  as  the  lungs  become  more  and  more  stretched,  it  follows 
that  the  fuller  the  inspiration  the  greater  is  the  difference  between 
the  pressure  on  structures  within  the  thorax  but  out«id6  the  lungs 
and  the  ordinary  pressure  of  the  atiuf)aphere.    Now  we  have  seen 

I  that  the  preesure  necessary  to  counterbalance  the  elasticity  of 
the  lungs  when  they  are  completely  at  rest  (in  the  pause  between 
expiration  and  inspiration),  is  in  man  about  5  to  7  mm.  of  mer- 
cury, and  that  when  the  lungs  are  fully  distended,  as  at  the  end 
of  a  forcible  inspiration,  the  pressure  rises  to  as  much  as  30  mm. 
of  mercury.  Heuce,  at  the  lieight  of  a  forcible  inspiration  the 
pressure  exerted  on  the  heart  aud  great  vesr^els  within  tlie  tliorax 
IS  iiO  mm.  less  than  the  ordinary  atmospheric  pressure  of  7()(>  mm., 
aud  even  when  the  chest  is  cumpletely  at  rest,  at  the  end  of  an 
expiration,  the  pre^ure  on  the  heart  and  great  vet^sels  is  slightly 
(by  about  o  mm.  mercury )  below  that  of  the  atmosphere. 

During  an  inspiratiou,  then,  the  pressure  around  the  heart 
and  great  bloodvessels  becomes  considerably  less  than  that  of 
the  atmi>spi)ere  on  the  vessels  outside  the  thorax.  During  ez- 
ninition  this  pressure  returns  towards  that  of  the  atmosphere, 
out  in  onlinary  breathing  never  quite  reaches  it.  It  is  only  in 
forcible  expiraliun  that  the  pressure  on  the  thoracic  vascular 
|L  organs  exceeds  that  of  the  atmosphere.  But  if  during  inspira- 
P.  tiou  the  pressure  bearing  on  the  right  auricle  and  the  vense  cavie 
becomes  less  than  the  pressure  which  id  bearing  on  the  jugular, 
subclavian,  and  other  veins  uutt^ide  the  thorax,  this  must  result 
in  an  increased  flow  from  the  latter  into  the  former.  Hence, 
during  each  inspiration  a  larger  quantitv  of  blood  enters  the 
right  side  of  the  heart.  This  probably  lea^s  to  u  stronger  stroke 
of  the  heart,  aud  at  all  events  causes  a  large  quantity  to  be 
ejected  by  the  right  ventricle;  this  causes  a  larger  quantity  to 
escape  from  the  left  ventricle,  and  thus  more  blood  is  thrown 
into  the  aorta,  and  the  arterial  tension  proportionately  increaseiJ. 
During  expiration  the  converse  takes  place.  The  pressure  on 
the  intrathoracic  bloodvessels  returns  to  the  normal,  the  flow  of 
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blood  from  the  veins  outside  the  thorax  into  the  vente  cars 
and  right  auricle  is  no  longer  nssisted,  and  in  consequeDce  Icfls 
blood  passes  through  the  heart  into  the  aorta,  and  arterial  ten- 
eioD   falls  again.     During  forced  expiration,  the  intrathoracic 

Sressure  may  be  s^>  great  a^  to  afford  a  distinct  obstacle  to  the 
ow  from  the  veins  into  the  heart. 

The  effect  of  the  respiratory  movements  on  the  arteries  is 
naturally  different  from  that  on  the  veins.  During  inspiration 
the  diminution  of  pressure  in  the  thorax  around  the  aortic  arch 
tends  to  draw  the  blood  from  the  arteries  outside  the  thorax  back 
to  the  arch  of  the  aorta,  or,  in  other  words,  tends  to  check  the 
onward  tiow  of  blood.  At  the  same  time,  and  this  is  the  point 
to  which  we  wish  to  call  alteutiou,  the  aortic  arch  itself  tends 
to  expand  ;  in  consequence  the  pressure  of  blood  within  it — i.  c, 
the  arterial  tensiun,  lends  to  diminish.  During  expiration,  the 
increase  of  pressure  outside  the  aortic  arch  of  course  tends  to 
increaBe  also  the  blood-pressure  within  it,  acting  in  fact  just  in 
the  same  way  aa  if  the  coate  of  thu  aorta  themselves  contracte*!. 
Thus,  as  far  as  arterial  blitrMJ-pressure  is  concerned,  the  etfecls  of 
the  respiratory  movements  on  the  great  veins  and  great  arteries 
respectively  are  antagonistic  to  each  other;  the  effect  on  tlie 
veins  being  to  increase  arterial  tension  during  inspiration  and  to 
diminish  it  during  expiration,  while  the  effect  on  the  arteries  is 
to  diminish  arterial  tension  during  inspiration  and  to  increase  it 
during  expiration.  But  we  should  nalurally  expect  the  effect. on 
the  thin-wulled  veins  to  bt-  greater  than  that  on  the  stout  thick- 
walled  itrterioi*,  so  thai  the  total  effect  tt\'  inspiration  would  be 
to  increase,  and  the  total  effect  of  expiration  to  diminish,  arterial 
tension.  This  is  to  say,  we  should  expect  the  blood-jiressure  to 
rise  during  ingpiration  and  to  fnll  during  expiration.  This  as  we 
have  seen  is  frequently  the  case,  and  indeed  when  the  breathing 
is  deep  and  labored  the  influence  in  this  direction  on  the  blood- 
pressure  curve  of  the  [tumping  action  of  the  chest  is  unmistakable. 

In  addition  to  the  innuence  thus  exerted  by  the  thoracic 
moveraenla  on  the  great  veins  leading  to,  and  the  great  arteries 
leading  from  the  heart,  we  have  to  consider  the  behavior  of  the 
pulmonary  vessels  themselves  under  the  varying  thoracic  pres- 
sure. These,  like  the  venre  cavieand  aorta,  tend  to  expand  under 
the  influence  of  the  inspiratory  expansion  of  the  chest,  and  thus 
to  become  fuller  of  blood,  very  much  as  they  would  if  the  whole 
lung  were  placed  under  a  large  cupping-glass.  The  first  effiict 
of  this  increased  tilling  of  the  pulmonary  vessels  would  be  to 
retain  for  a  while  a  certain  quantity  of  blood  in  the  lungs  and 
thus  to  lessen  the  amount  falling  into  the  left  auricle.  Hui  this 
would  be  temporary  only;  and  the  widening  of  the  pulmonary 
Is  would  spee<lily  produce  an  exactly  contrary  effect,  nameJv. 
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aD  increaseJ  tiow  through  the  luDgs  due  to  the  dinunished  resist- 
aace  offered  by  the  widened  passages.  Cunversely  the  liret  effect 
of  expiration  would  be  an  increaset]  flow  into  the  lef^  auricle  due 
to  the  additioual  ouautlty  of  blood  driven  onwards  by  the  partial 
colia(»ee  of  the  pulmonary  vessels,  followed  by  a  more  significant 
diminished  flow  caused  by  the  greater  resistance  now  offered  by 
the  narrower  vascular  chaiiiielH.  Thus  the  effect  of  inspiration 
in  thiri  way  would  be  first  to  diminiah  the  flow  into  the  left 
auricle  and  su  into  the  left  ventricle  and  thus  to  diminish  for  a 
brief  initial  periotl  the  bhxMl  prtyssure  in  thf^  aorta,  but  after- 
wards, for  the  rest  cif  the  inspiration  until  the  beginning  of 
expiration,  to  increase  the  flow  into  the  v^^nlricle  nud  thus  to 
raise  the  arterial  pressure;  while  conversely  the  ef!ect  of  expira- 
tion would  be  first,  for  a  brief  |>erit*d.  to  increase  and  afterwards, 
during  the  re«t  of  the  movement,  to  diminish  the  flow  of  blood 
into  the  left  ventricle,  and  through  that  the  amount  of  arterial 
pressure.  Further,  while  this  may  be  considered  as  the  effect  on 
the  pulmonary  vessels,  large  and  small  taken  together,  the  influ- 
ence both  of  the  thoracic  negative  pressure  during  inspiration, 
and  the  return  in  a  positive  direction  during  expiration,  will  bear 
more  on  the  thin-wnlled  pulmonary  veins  than  on  the  stouter 
pulmonary  artery ;  that  is  to  say,  as  inspiration  becomes  estab- 
lished, there  will  be  a  diminution  of  pressure  in  the  pulmonary 
veins  greater  than  that  in  the  pulmonary  artery,  and  this  will  be 
an  additional  influence  favoring  the  flow  into  the  left  ventricle; 
during  expiration  a  similar  diflerence  of  effect  will  be  felt  in  the 
contrary  <!irection.  The  general  eflect  then  of  the  movements  of 
the  chest  on  the  pulmonary  vessels  will  be  during  the  beginning 
inspiration  to  continue  the  lowering  of  arterial  pressure  which 
was  taking  place  during  expiration,  but  subsequently  to  raise  the 
arterial  pressure ;  and  conversely  at  the  beginning  of  expiration 
to  continue  the  rise  of  arterial  pressure  which  was  taking  place 
(luring  inspiration,  but  subsequently  to  lower  arterial  pressure. 
In  ordinary  breathing,  as  we  have  seen,  what  may  be  considerefl 
as  the  normal  relations  of  blood-pressure  to  the  respiratory  move- 
ments are  precisely  of  this  kind ;  and  it  seems  exceedingly 
probable  that  they  are,  to  a  large  extent  at  least,  produced  in 
this  way. 

In  attempting,  however,  to  estimate  the  action  <»f  the  thorax,  we 
must  bear  in  mind  what  is  taking  place  in  the  ubdoinen.  In  easy 
inspiration  the  descent  of  the  diaphragm  compresses  the  abdominal 
viscera,  and  so,  while  at  the  very  first  it  drives  a  quantity  of 
bhxxi  onward  along  the  inferior  vena  cava,  subsequently  hinders 
the  upward  flow  from  the  abdomen  and  lower  limbs  ;  at  the  same 
time  by  compressing  the  abdominal  aorta,  it  tends  to  raise  the 
pressure  in  the  thoracic  aorta  and  its  branches.     The  e^^^Vcii 
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easy  expiration  would  be  the  converse  of  this ;  but  in  forced 
[-expiration  the  pressure  of  the  contracting  ab<lon)inal  rauftclee 
wi>uM,  as  in  inspiration,  first  tend  to  drive  the  blood  onward 
along  the  vena  cava,  but  subsequently  hinder  the  flow  both  along 
the  vena  cava  and  the  aorta.  The  etfect  of  the  abdominal 
movements  therefore  is  mixed  and  variable,  and  the  influence  on 
the  blood-pressure  in  the  femoral  artery  must  be  different  from 
that  on  the  radial  artery  or  other  branch  of  the  thoracic  aorta. 
It  is  difficult  to  predict  what  in  all  cases  the  effect  would  be,  but 
it  is  8tate<l  that  ueclion  of  the  phrenic  nerves,  leading  to  quies- 
cence of  the  diaphragm  largely  diminish(*s.  and  sometimea  caawi 
the  total  di8ap[>earaDce  of,  even  the  normal  respiratory  un- 
dulations. 

Effects  of  the  respiratory  movements  are  seen  not  only  in 
natural  but  also  iu  artifleial  respiration.  When,  for  instance^  in 
an  animal  under  urari,  artificial  is  substitute<l  for  natural  respir- 
ation, undulations  of  the  blood-pressure  curve,  svnchronous  with 
the  respiratory  movements,  are  still  observed  (tig.  137),  though 
geoeralty  leas  in  extent  than  tho^e  seen  under  natural  conditions. 
Now  in  artificial  respiration,  the  mechanical  conditions  under 
which  the  thoracic  viscera  are  placed  as  regards  pressure  are 
the  exact  opposite  of  thtjse  existing  during  natural  respiration  ; 
for  when  air  is  blown  into  the  trachea  to  distend  the  lungs,  the 
pressure  within  the  chest  is  increased  insitead  of  diminished. 

Under  the-se  circumstances  we  should  ex[>ect  to  Hod  that 
while  the  first  effect  of  an  artificial  inspiration  would  \)e  to  drive 
an  additional  quantity  of  blood  out  of  the  lungs  into  the  lefl 
ventricle,  and  thus  to  raise  arterial  pressure,  this  would  be  iu 
turn  followed  by  a  fall  of  arterial  pressure  due  to  the  increased 
resistance  offered  both  to  the  pnssagc  of  bloofl  through  the  lungs 
and  to  the  entrance  of  blnod  through  the  vena*  cnvie  into  the 
right  auricle.  Convcrsclv  the  effect  of  the  succeeding  expiration 
would  be  an  initial  continuance  of  the  fall  of  arterial  pressure 
8uccee<Ie<i  by  a  rise.  In  other  words,  we  should  exr>ect  to  find  in 
artificial  respiration  effects  exactly  the  reverse  of  those  which  we 
find  in  normal  respiration  ;  and.  indeed,  in  many  curves  of  blood- 
pressure  tJiken  during  artificial  respiration,  this  is  the  case;  but 
ncre,  as  in  natural  respiration,  the  features  of  the  blocnl-preasure 
curve  vary  according  as  the  breathing  is  hurried  or  slow,  shallow 
or  d(«p. 

We  may  add  that  another  explanation  than  those  given  above 
has  been  offered  of  these  eifects  of  the  respiratory  movements. 
It  has  been  suggested  that  when  the  lung  is  expandeil,  the 
increase  in  the  area  of  the  wall  of  each  pulmonary  alveolus  tends 
to  stretch  and  elongate  the  capillaries  lying  in  the  alveolar  walls, 
and  in  elongating  them  neceeearily  narrows  them,  just  as  an 
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ludia-rubher  tube  is  narrowed  when  it  is  stretched  lengthways. 

This  narrowing  of  ilie  capillaries  would  predent  an  obstacle  to 
the  passage  of'  bl<M)d  through  them  ;  and  hence  the  expansion  of 
the  alveoli  in  inspiration,  other  things  being  equal,  would  be  un- 
favorable to  the  How  of  blood  through  the  lungs.  It  has  been 
further  suggested  that  the  first  ei!ect  of  the  expansion  of  the 
alveolus  and  narrowing  of  the  capiltaries  would  be  to  drive  out 
suddenly  the  blood  at  the  moment  contained  in  them,  and  thus 
for  the  instant  to  protluce  a  passing  increase  of  flow;  and  con- 
versely that  the  first  effect  of  the  collajwe  of  the  alveolus  and 
consequent  wideuiug  of  the  capillaries  would  be  to  find  room  for 
an  extra  quantity  of  blotHl,  and  thus  for  a  moment  to  check  the 
flow.  Whether  in  each  case  the  first  or  the  second  phase  becomes 
predominant  would  depend  on  the  rate  and  depth  of  the  breath- 
ing. There  are  difficulties,  however,  in  accepting  this  view,  and 
the  one  previously  given  seems  to  be  the  more  valid  one. 

From  what  has  been  said,  it  is  clear  that  the  influences  of  the 
respiratory  movements  are  not  only  many  but  conflicling,  and 
that  the  exact  effect  at  any  one  moment  will  vary  according  as 
circumstances  render  one  or  other  factor  predominant.  It  will 
hardly  be  profitable  to  make  any  further  attempt  to  unravel  the 
complexity  of  the  several  cases. 

The  relations  between  respiration  and  circulation  which  we 
have  just  discui;ged  are  of  a  mechanical  nature,  but  there  are  also 
ties  of  a  nervous  kind  between  the  two  systems.  One  striking 
feature  of  the  respiratory  undulation  in  the  blood-pressure  curve 
of  the  dog'  is  the  fact  that  the  pulse-rate  is  quickened  during  the 
rise  of  the  undulation  and  becomes  slower  during  the  fall.  The 
quickening  of  the  heat  might  be  considered  as  itself  partly 
accounting  for  the  rise,  or,  un  the  other  baud,  it  might  be  urged 
that  the  increased  flow  of  blood  which  causes  the  rise,  at  the  same 
time  leads  to  the  quickening,  were  it  not  for  one  fact,  viz.,  that 
the  difference  is  at  once  done  away  with,  without  any  other 
essential  change  in  the  undulations,  by  section  of  both  vagi. 
Evidently  the  slower  pulse  during  the  fall  is  caused  by  a  coinci- 
dent stimulation  of  the  cardio-iuliibitory  centre  in  the  medulla 
oblongata,  the  quicker  pulse  during  the  rise  being  due  to  the 
fact  that,  during  that  interval,  the  centre  is  comparatively  at 
resU  We  have  here  m^jst  important  indications  that,  while  the 
respiratory  centre  in  the  medulla  oblongata  is  at  work,  sending 
out  rhythmic  impulses  of  inspiration  and  expiration,  the  neighbor- 
ing cardio-iuhibitory  centre  ie,  as  it  were  by  sympathy,  thrown 
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increased  force  of  the  cardiac  beat,  caused  by  the  increasingly 
venouB  character  of  the  blood  ;  but  only  iu  part,  and  that  a  small 
part.  The  rise  so  witnessed  is  very  similar  to  that  brought  about 
by  powerfully  stimulating  a  number  of  vaso-coDBtrictor  nerves; 
and  there  can  be  no  doubt  that  it  is  due  to  the  venouB  blood 
stimulating  the  vaso-motor  centre  in  the  mc<lulla,  and  thus 
causing  constriction  of  the  small  arteries  of  the  body,  particularly, 
perhaps,  those  uf  the  splanchnic  area.  We  say,  "  stimulating  the 
medullary  vasu-mulor  centre,"  because,  though  wo  must  admit 
that,  since  a  rise  of  pressure  follows  upon  dyspncea  when  the 
spinal  cord  has  been  previously  divided  below  the  me<lul)a,  the 
veDOUs  blood  may  stimulate  other  va«o-motor  centres  in  the  spinal 
cord,  and  possibly  even  act  directly  on  local  peripheral  mechan- 
isms, or  on  the  muscular  coata  of  the  small  arteries  themselves, 
yet  the  fact  that  the  rise  of  pressure  is  much  less  under  these 
circumstances  shows  that  the  medullary  centre  plays  the  chief 
part.  Upon  the  cessation  of  the  artificial  respiration,  the  respi- 
ratory iMidulations  ceane  also,  so  that  the  blood-pressure  curve 
rises  at  first  steadily  in  almost  a  straight  line ;  yet  atler  a  while 
new  unduliiUons,  the  so-called  Traube  or  Traube-Hering  curves, 
make  their  appearance  (Fig.  137,  2,  3),  very  similar  to  the  pre- 
vious ones,  except  that  their  curves  are  larger  and  of  a  more 
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sweeping  character.  These  new  undulations,  since  they  appear 
in  the  absence  of  all  thoracic  or  pulmonary  movements,  passive 
'Or  active,  and  are  witnessed  even  when  both  vagi  are  cut,  must 
'1>e  of  vaso-motorial  origin  ;  the  rhythmic  rise  must  be  due  tA  ^ 
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The  mppemtmact 
dtftmdtmi  oa  the  oeaatioao^tW 
M  AfaMmMDy  voBooi  miAlaaa  of  ik  yobd.  IWr 
(Fig,  13$)  sre  veeo  is  an  biuhh]  mkom  bnMihmg  m  fiurij 
aonoftl.  We  need  d«4  <tiic»M  Ukb  aaj  fintfccr  bov,  and  have 
inlfodooed  lbe»  cbidij  to  iihMtnte  the  &ct  tkat  tiie  Taao-iiKitor 
swrvoMffrtABMftpctofidl  iotoAttM^tmofrfcytkaucactimj. 
It  luu  heen  lUff^eHted  that  the  i»oni»i  reapirmtorr  oodnUtiooft 
aiAj  be  M  to  a  rhyihraic  riae  aod  fall  of  the  actiTitv  of  the 
vaao-motAr  f^tinlre,  ft/ncbroooii0»  like  that  of  tfaecardioinhibitonr 
omtre.  with  tbu  reipiratorj  movemeata.  A  reriew  of  all  tiie 
•vidfriioe,  however,  goes  to  show  that  the  rcflpiratory  variatioos 
In  blooH-preMure  are  due  to  the  mechanieal  cooditioafi  diactMed 
above,  and  that  vaao-rootor  ioflueoccs  intenrene  but  little  if  at  all. 


S9C.  A. — TiiK  Efpkcth  of  Chaxubs  Df  THE  AiK  Breathed. 


The  EfffCU  of  Deficient  Air.     Asphyxia, " 

Whun,  on  oecount  of  occluitioD  of  the  trachea,  or  by  breathing 
iu  tt  cijiifincd  9\mve,  a  due  supply  of  air  'u  not  obtained,  normal 
r<-«piriilion  i^ives  place,  through  au  intermediate  phaee  of  dysp- 
iiM'A,  to  i\w  condition  known  as  asphyxia  ;  this,  unless  remedial 
moaaurcH  be  tulceu,  rapidly  proves  fatal. 

Phflnomena  of  Aiphyxia. — As  soon  as  the  oxygen  in  the 
urlviiiil  l)li>od  KinkM  Ih'Iow  ihe  normal,  the  respiratory  move- 
iTUTiita  l>L<ci»rno  deij|HT  iin*l  iit  the  same  time  more  frequent;  both 
\.\n)  iiiHpirnlory  and  oxpirulory  plmatis  are  exaggerate<I,  the  sup- 
pliditcntury  muscles  Bp<jkcn  of  at  p.  388  are  brought  into  play, 
and  tln'  niUMd'the  rhythm  is  hurried.  Iu  this  respect,  dyspnoea, 
or  liyporpiiii-u  iim  this  tii*sl  stage  has  been  called,  contrasts  very 
Htrouglv  with  thr  pcrulhir  rci^piralory  ccmditiou  caused  by  sec- 
tion of  the  viigi.  in  which  llie  respiratory  movement*,  while 
nnudi  mitro  profound  than  the  nt>rmal,  are  diminished  in  fre- 
*|upucy. 

Aft  tho  lilnod  rontinupa  to  Iwcome  more  ami  more  venous  the 
ruajtiratory   movcmcutM  cuuiinue  to  increase  both  in  force  and 
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juenc^,  a  larger  number  of  muscles  being  called  into  action 
au(!  that  to  an  increaBing  extent.  Very  soon,  however,  it  may 
be  observed  that  the  expiratory  movenienta  are  becoming  more 
marked  than  the  inspiratury.  Every  muscle  which  can  in  any 
way  assist  in  expiratiim  is  in  turn  brought  into  p]ay  ;  and  at  last 
almoflt  all  the  muscles  of  the  body  are  involved  in  tiie  struggle. 
The  orderly  expiratory  movements  culminate  in  expiratory  con- 
vulsions, the  order  and  setiuence  of  which  are  obscured  by  their 
violence  and  extent.  That  these  cuuvulsious,  through  which 
dyspncDa  merges  into  asphyxia,  are  due  to  a  stimulaiiuu  of  the 
medulla  oblongata  by  the  venous  bloo^l,  is  proved  by  the  fact 
that  they  fail  to  make  their  appearance  when  the  spinal  c^rd  has 
been  previously  dividetl  below  the  medulla,  though  they  still 
occur  after  those  portions  of  the  brain  which  lie  above  the  me- 
dulla have  been  removed.  It  is  usual  to  speak  of  a  "convulsive 
centre"  in  the  me<Julla,  the  (Stimulation  of  which  givt.-^  rise  to 
these  convulsions ;  but  if  we  accept  the  existence  of  such  a  centre 
we  must  at  the  same  time  admit  that  it  is  couuected  by  the 
closest  lies  with  the  normal  expiratory  division  of  the  respiratory 
centre,  since  every  intervening  step  may  be  observed  between  a 
simple  slight  expiratory  movement  of  normal  respiration  ami 
the  most  violent  convulsion  of  asphyxia.  An  additional  proof 
that  these  convulsions  are  carried  out  by  the  agency  of  the  me- 
dulla is  afforded  by  the  fact  that  convulsions  of  a  wholly  similar 
character  are  witnessed  when  the  supply  of  blood  to  the  medulla 
is  suddenly  cut  off  by  ligaturing  the  bloodvepsels  of  the  head. 
In  this  case  the  nervous  centres,  being  no  longer  furnished  with 
fresh  blood,  become  rapidly  asphyxiated  through  lack  of  oxygen, 
and  expiratory  convulsions  quite  similar  to  those  of  ordinary 
asphyxia,  and  preceded  like  them  by  a  passiug  phase  of  dyspnoea, 
make  their  appearance.  Similar  "  anaemic  "  convulsions  are  seen 
after  a  sudden  and  large  loss  of  blood  from  the  body  at  large, 
the  medulla  being  similarly  stimulated  by  the  lack  of  arterial 
blood. 

Such  violent  efforts  speedily  exhaust  the  nervous  system  ;  and 
the  convulsions  after  being  maintained  for  a  brief  period  sud- 
denly cease  and  are  followed  by  a  period  of  calm.  The  calm  is 
one  of  exhaustion  ;  the  pupils,  dilnte<l  to  the  utmoet,  are  unaf- 
fected by  light ;  touching  the  cornea  calls  forth  no  movement  of 
the  eyelids^  and  indeed  no  reflex  actions  can  anywhere  be  pro- 
duced by  the  stimulation  of  sentient  surfaces.  All  expiratory 
active  movements  have  ceased  ;  the  muscles  of  the  body  are 
flaccid  and  quiet ;  and  though  from  time  to  time  the  respiratory 
centre  gathers  sufficient  energy  to  develop  respiratory  move- 
ments, these  resemble  those  of  quiet  normal  breathing,  in  being, 
as  far  as  muscular  actions  are  couccrned,  almost  entirely  inapi- 


442    Ti8su£s  jlnv  kbohaxisms  of  bespibatiok. 

ratory.  They  occur  at  long  intervals,  like  those  after  section  of 
the  vagi ;  and  like  them  are  deep  and  slow.  The  exhausted 
respiratory  centre  takes  some  time  to  develop  au  inspiratory 
explosion  ;  but  the  impulse  when  it  is  geuerateil  is  propurtioD- 
ately  strong.  It  seems  as  if  the  resistance  which  had  in  each 
case  to  be  overcome  was  considerable,  and  the  effort  in  conse- 
quence, when  successful,  productive  of  a  largo  effect. 

As  time  goes  on,  these  inspiratory  efforts  become  less  frequent ; 
their  rhythm  becomes  irregular;  long  pauses,  each  one  of  which 
seems  a  final  one,  are  succeeded  by  several  somewhat  rapidly  re- 
peated inspirations.  The  pauses  become  longer,  and  the  inspira- 
tory movements  shallower.  Each  inspiration  is  accompanied  by 
the  contraction  of  accessory  muscles,  especially  of  the  face,  so 
that  each  breath  becomes  more  and  more  a  prolonged  gasp. 
The  inspiratory  gasps  spread  into  n  convulsive  stretching  of  the 
whole  body,  and  with  extended  limbs  and  a  straightened  trunk, 
with  the  head  thrown  back,  the  mouth  witlely  open,  the  face 
drawn,  and  the  nostrils  dilated,  the  last  breath  is  taken  in. 

Thus  wc  are  able  to  distinguish  three  stages  in  the  phenomena 
which  result  from  a  continued  deficiency  of  air:  (1)  A  stage  of 
dyspntea,  characterized  by  an  increase  of  the  respiratory  move- 
ments both  of  inspiration  and  expiration.  (2)  A  convulsive 
Btage,  characterized  by  the  dominance  of  the  expiratory  efforts, 
and  culminating  in  genera!  convulsions.  (3t  A  stage  of  ez- 
haustlort,  in  which  lingering  and  long-drawn  inspirations  gradu- 
ally die  out.  When  brought  about  by  sudden  occlusion  of  the 
trachea  these  events  run  through  th(ir  course  in  about  4  or  5 
minutes  in  the  <log,  and  in  about  '^  or  4  minutes  in  the  rabbit. 
The  first  stage  passes  gradually  into  the  second,  convulsions 
appearing  at  the  end  of  the  lirst  minute.  The  transititiu  from 
the  second  stage  to  the  third  is  somewhat  abrupt,  the  convulsions 
suddenly  ceasing  early  in  the  second  minute.  The  remaining 
time  is  occupied  in  the  third  stage. 

The  duratiim  of  asphyxia  varies  not  only  in  different  animals, 
but  in  the  same  animal  under  different  circumstances.  Kewly 
burn  and  young  auinials  need  much  longer  immersion  in  water 
betbre  death  by  asphyxia  occurs  ttmn  do  adults.  Thus  while  in 
a  full-grown  dog  recovery  from  drowning  is  unusual  after  H 
minutea,  a  new-born  puppy  has  been  known  to  bear  an  immer- 
sion of  as  much  as  ■>(>  minutes.  The  cause  of  the  difference  lies 
in  the  fact  that  in  the  quite  young,  or  rather  just  born  animal, 
the  respiratory  changes  of  the  tissues  are  much  less  active. 
These  consume  less  oxygen,  and  the  general  store  of  oxygen  in 
the  blood  has  a  less  rapid  demand  made  upon  it.  The  respira- 
tory activity  of  the  tiasuea  may  also  be  lessened  by  a  deficiency 
in  the  circulation ;   hence  butlie»  in  a  stale  of  syncope  at  the 
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time  when  the  deprivation  of  oxygen  begins  can  endure  the  U 
for  a  much  longer  periml  than  can  Uodiee  in  which  the  circula- 
tion is  in  full  swing.  There  being  the  same  atore  of  oxygen  in 
U»e  bluod  in  each  caae.  the  i|uicker  circulation  must  of  necessity] 
bring  about  the  Hjx-edier  exhaustion  of  the  store.  In  many  cases 
of  drowning,  death  is  hastened  by  the  entrance  of  water  into 
the  iuDgs. 

By  training,  the  respiratory  centre  may  be  accustomed  to  bear 
a  scanty  supply  of  oxygen  for  a  much  longer  time  than  usual 
before  dypsnooa  sets  in,  ai*  seen  in  the  case  of  divers. 

The  phenomena  of  slow  asphyxia,  where  the  supply  of  air  b 
gradually  diminished,  are  fundamentally  the  same  as  those  re- 
sulting from  a  sudden  and  total  deprivation.  The  same  stages^ 
are  seen,  but  their  development  takes  place  more  slowly. 

The  Circulation  in  Asphyxia. — If  the  carotid  or  other  artery 
of  an  animal  be  connected  with  a  manometer  during  the  devel- 
opment of  the  asphyxia  just  de8cribe<i,  the  following  facts  may 
be  observed.  During  the  first  aud  second  stages  the  blood- 
pressure  rises  rapidly,  attaining  a  height  far  above  the  normal. 
During  the  third  stage  it  falls  even  more  rapidly,  repassing  the 
normal  and  becoming  nil  as  death  ensues.  The  respiratory 
undulations  of  the  pressure-curve  are  abrupt  and  somewhat 
irregular,  the  inspiratory  movements  being  accompanied  by  a 
fall  of  pressure.  When  the  animal  has  been  previously  placed 
under  urari,  so  that  the  respiratory  impulses  cannot  manifest 
themselves  by  any  muscular  movements,  the  rise  of  the  pressure- 
curve,  as  we  have  already  said,  is  at  first  steady  aud  unbroken, 
but  after  a  variable  period  Traube's  curves  make  their  appear- 
ance. As  during  the  third  stage  the  pressure  sinks,  these  undu- 
lations pass  away. 

The  heart- beats  are  at  first  somewhat  quickened,  but  speedily 
become  slow,  while  at  the  same  lime  they  acquire  great  force;  so 
that  the  pulse-curves  on  (he  tracing  are  exceedingly  bold  and 
striking,  Fig.  137.  Even  wliile  the  blood-presure  is  sinking,  the 
pulse-curvee  still  maintain  somewhat  these  characters,  and  the 
neart  continues  to  beat  i'oT  some  seconds  after  the  respiratory 
movements  have  ceased,  the  strokes  at  last  rapidly  failing  in 
frequency  and  strength. 

If  the  chest  of  an  animal  be  opene<]  under  artificial  respira- 
tion, and  asphyxia  brought  on  hy  cessation  of  the  respiration. 
it  will  be  seen  that  the  heart  during  the  second  and  third  stages 
becomes  completely  gorged  with  venous  bloo<i,  all  the  cavities 
as  well  as  the  large  vein^«  being  distended  to  the  utmost.  If  the 
heart  be  watched  to  the  close  of  the  events,  it  will  be  seen  that 
the  feebler  strokes  which  come  on  towards  the  end  of  the  third 


444      TISSUES  AND  HECHAM3M3  OF   RESPIRATION 


stage  are  quite  unable  to  empty  its  cavities;  and  when  the  ladt 
beat  has  passe*!  away  its  parts  are  still  choked  with  blood.  The 
veins  spirt  out  when  pricked,  and  it  may  irequently  be  observed 
that  the  beats  recommence  when  the  over-distention  of  the 
heart's  cavities  is  relieved  by  puncture  of  the  great  vessels. 
When  rigor  mortis  aels  in  after  death  by  asphyxia,  the  left  aide 
of  the  heart  is  more  or  less  emptied  of  its  contents;  but  not  so 
the  right  side.  Hence  in  an  ordinary  puHt-mortem  examination 
in  cni*es  of  death  bv  asphyxia,  while  the  left  side  is  found  com- 
paratively empty,  tlie  right  ap|iears  gorged. 

These  various  phenomena  of  asphyxia  are  probably  brought 
about  in  the  following  way  : 

The  increasingly  venous  character  of  the  blood  augments  the 
action  of  the  general  vasomotor  centre,  and  thus  leads  to  a 
general  cotiBtriction  of  the  small  arteries.  This  is  the  cause  of 
the  markoiily  increased  hlood-jircssure ;  though,  as  we  have  al- 
ready said,  the  venous  blood  may  also  act  directly  on  the  other 
spinal  vaso-motor  centres  and  poagibly  on  periplieral  vaso-motor 
mechanisms  or  on  the  muscular  arterial  coats,  or  may  even  affect 
the  |>eripheral  resistance  by  modifying  the  changes  in  the  capil- 
lary regions. 

This  increased  |>eripheral  rej^istance,  while  indirectly  helping 
to  augment  the  force  of  the  heart's  beat,  is  a  direct  obstacle  to 
the  heart  emptying  itself  of  its  contents.  On  the  other  hand, 
the  increased  respiratory  movements  favor  the  How  of  venous 
blood  towards  the  heart,  which  in  conBe«iuence  becomes  more 
and  more  full.  This  repletion  is  moreover  assisteti  by  the  marked 
infrequency  of  the  beats.  This  in  turn  depends  in  part  on  the 
cardio-inhibitory  centre  in  the  medulla  being  stimulated  by  the 
venous  blood;  since  when  the  vagi  are  divided  the  infrequency 
is  much  less  pronounced.  It  does  not  however  disappear  alto- 
gether ;  and  we  are  therefore  driven  to  suppose  it  is  in  part  due 
to  the  venous  blooti  acting  in  an  inhibitory  manner  directly  on 
the  heart  itself.  The  increased  resistance  in  front,  the  aug- 
mented supply  from  behinJ,  and  the  long  pauses  between  the 
strokes,  all  concur  in  <Ii$tending  the  heart  more  and  more. 

When  the  large  veins  have  become  full  of  blood  the  inspi- 
ratory movements  can  no  longer  have  their  usual  effect  in  in- 
creasing the  blood-pressure.  The  whole  force  of  the  chest 
movement,  as  far  as  the  circulation  is  concerned,  is  spent  in 
diniinisliing  the  prea><u  re  around  the  large  arteries;  and  hence 
the  sinking  of  the  blood-pressure  during  each  inspiratory  move- 
ment 

The  distention  of  the  cardiac  cavities,  at  first  favorable  to  the 
heart-beat,  as  it  increases  becomes  injurious.  At  the  same  time 
ibe  cardiac  tissues,  which  at  first  probably  are  stimuiateil,  after 
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awhile  become  exhausted  by  the  action  of  the  venous  blood  ; 
and  ihestrokca  nfihc  heart  Gecome  feebler  as  well  as  slower. 

On  account  of  this  increaain^  slowness  and  feebleneas  of  tlie 
heart's  beat,  the  hlowl-presaure,  in  apite  of  the  continued  arterial 
constriction,  begins  tu  fall,  since  less  and  le«8  blood  is  puni[)ed 
into  the  arterial  system  ;  the  boldness  of  the  pulse-curves  at  tins 
stage  being  chiefly  due  to  the  infretiuency  of  the  strokes.  At 
the  (]uantity  which  |*asees  from  the  lieurt  into  the  arteries  be- 
comes less  second  by  second,  the  pressure  gets  lower  and  lower, 
the  descent  being  assisted  by  the  exhaustion  of  the  vaso-niotor 
centre,  until  almost  befiire  the  Inat  Itenta  it  has  sunk  to  zero. 
Thus  at  the  close  of  asphyxia,  w  hilo  the  heart  and  venous  system 
are  distended  with  blood,  the  arterial  system  is  less  than  nor- 
mally full. 

Tfie  EffecU  of  an  Increased  Supply  of  Air.     Apncra. 

We  have  already  (p.  427)  seen  that  when  artificial  respiration 
18  carried  on  too  vigorously,  a  condition  of  peculiar  breathless- 
nefis  known  as  "flpuiia"'  is  brought  about.  We  have  further 
seen  that  the  essential  feature  of  apn<i'a  consists  in  the  blood 
containing  for  the  time  being  more  oxygen  than  usual.  In  con- 
sequence of  this  a  longer  time  is  nee<ied  before  the  deficiency  of 
oxygen  in  the  blood  of  the  capillaries  of  the  medulla  oblongata, 
or  rather  in  the  nerve-cells  constituting  the  respiratory  centre, 
reachea  the  limit  which  determines  the  discharge  of  a  respiratory 
impulse.  As  we  have  seen,  the  molecular  processes  of  these 
cells  are  so  arranged,  that  whenever  the  oxygen  which  is  availa- 
ble for  their  use  sinks  below  a  certain  level,  respiratory  explo- 
sions occur  whereby  a  fresh  supply  of  oxygen  is  gained.  We 
must  suppose  that  the  changes  going  on  in  these  cells,  like  those 
taking  place  in  other  cells  and  tissues,  arc  oxidative  in  character ; 
but  they  possess  this  [>eculiar  feature,  that  the  absence  or  dimi- 
nution of  oxygen  aot^  as  it  were  as  a  stimulus,  leading  to  an 
explosive  decomposition.  The  fact*  previously  1  p.  427 1  discussed., 
lead  us  to  adopt  this  view,  though  we  cannot  explain  why  oxy-^ 
gen  has  this  remarkable  effect  on  those  particular  cells.  By  in- 
creasing their  available  oxygen,  the  explosive  action  of  the  cells 
is  deferretl  and  diminished  ;  that  is,  apnoa  is  catahlished.  Simi- 
larly when  the  supply  of  oxygen  is  iliminished,  the  explosions 
are  hastened  and  increased  ;  that  is,  dyspna'a  is  brought  about. 
The  different  conditions  of  the  respiratory  centre  during  apncca. 


1  It  U  in  b«  rvgrettod  that  tbii  nntn*  i«  Tuod  bj  some  tncclical  autborittei  in  % 
■caBe  klmoai  iilenlical  witb  lupbjxin.  In  its  physiological  lenffe,  at  here  used, 
it  Ik  the  ver>  appoiiile  uf  a^iib^xin. 
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normal  breathing  or  eupncea,  and  dyspnoDa,  are  well  shown  bj 
the  different  effects  produced  by  Btimulating  Ihe  afferent  fibres 
of  the  trunk  of  the  vague  with  the  same  stimulus  during  the 
three  stupes.  If  the  current  choseu  be  uf  euch  a  strength  as 
will  gently  increase  the  rhythm  of  normal  breathing,  it  will  be 
found  to  have  no  effect  at  all  in  apntfa,  while  in  dyspnoea  it  may 
produce  almost  convulsive  movements.  Indeed,  in  well-marked 
apn!T?a  even  strong  stimulation  of  the  vagus  may  produce  no 
effect  whatever. 


The  EffecU  of  Changes  in  the  Coviposiiion  of  the  Air  Breathed. 

We  have  already  discussed  the  ejects  of  such  chnngce  as  are 
produced  by  the  act  of  respiration  itself,  viz.,  a  detieiency  of  oxy- 
gen and  an  excess  of  carbonic  acid.  We  have  only  to  add,  that 
the  result  of  an  excess  of  oxygen,  except  in  the  cases  of  extreme 
preasure  to  be  mentioned  immediately,  is  simply  apna^a.  and  thai 
variations  iu  amount  of  nitrogen  have  of  themselves  no  effect,  this 
gas  being  eminently  au  indifferent  gas  as  far  aa  physiological 
processes  are  cuucerued. 

FoUonoTU  Gases. — Carbonic  oxide  produces  the  same  effects  as 
deficiency  of  oxygen,  inasmuch  as  it  preoccupies  the  hjcmnglobin 
and  so  prevents  the  blood  from  becoming  pro|)erly  oxygenated 
(see  p.  400).  Sulphuretted  hydrogen  pryiluces  similar  effects, 
but  in  a  different  manner;  it  acts  as  a  reducing  agent  (see  p. 
403).  Some  gases  are  irrespirable,  on  account  of  their  causing 
Bpasm  of  the  glottis,  and  this  is  said  to  be,  to  a  certain  extent, 
the  case  with  carbonic  acid. 
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The  Effects  of  Changes  m  the  Pressure  of  the  Air  Breathed. 

Gradual  Diminution  of  Fressure. — The  symptoms  are  those  of 
deficiency  of  oxygen;  the  animals  die  of  aaphyxia.  The  bUxK) 
contains  less  and  less  oxygen  as  the  pressure  is  reduced,  the 
quantity  present  in  the  arterial  blood  soon  becoming  leKs  than 
that  in  normal  venous  bloml.  The  ijuantity  of  carbonic  acid  in 
the  blooJ  is  also  diminished.  The  increasing  dyspntea  is  accom- 
panied by  great  general  fccbleneRs;  and  convulsions,  though 
frequent,  are  not  invariable.  The  occurrence  of  these  seems  to 
depend  on  the  suddenneas  with  which  the  ux^^gen  of  the  blood  is 
diminished. 

Sudden  Diminution. — Death  iu  these  cases  ensues  from  the 
liberation  of  gaaes  within  the  bloodvesecls  and  the  con«!quent 
wechanicnl  interference  with  the  circulation.     The  gas  which  is 
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found  in  the  bloodveaeelB  on  examination  ailer  death  consifits 
chiefly  of  nitrogen. 

Increase  of  Pressure. — Up  to  a  pressure  of  several  atmoBpheres 
of  air,  the  ouly  symptoms  which  present  themselves  are  those 
somewhat  resembling  narcotic  poisoning.  At  a  pressure,  how- 
ever, of  f<iur  atmospheres  of  oxygen,  coiresjwnding  to  twenty 
atmospheres  of  air,  and  upwards,  a  very  remarkable  phenomenon 
presenta  itself.  The  animals  die  of  asphyxia  and  convulsions, 
exactly  in  the  same  way  as  when  oxygen  is  deficient.  Cor- 
responding with  this  it  is  found  that  the  production  of  carbonic 
acid  is  diminished.  That  is  to  say,  when  the  pressure  of  the 
oxygen  is  increased  beyond  a  certain  limit,  the  oxidntions  of  the 
body  are  diminished,  and  with  a  still  further  increase  of  the 
oxygen  are  arrested  altogether.  The  oxirlation  of  phosphDrua  is 
({uite  analogous ;  at  a  high  pressure  of  oxygen,  phosphorus  will 
not  burn.  Not  only  animals,  but  plants,  bacteria,  and  organized 
ferments,  are  similarly  killed  by  a  too  great  pressure  of  oxygen. 


8»c.  0. — Modified  Kespikatory  Movementb. 

The  respiratory  mechanism  with  its  adjuncts,  in  addition  to  its 
respiratory  function,  becomes  of  service,  especiallv  in  the  case  of 
man,  as  a  means  of  expressing  emotions.  The  respiratory  column 
of  air,  moreover,  in  its  exit  from  the  cheat,  ii*  frequently  made 
use  of  in  a  mechanical  way  to  expel  bodies  from  the  upper  air- 
passages.  Hence  arise  a  number  of  peculiarly  modified  and 
more  or  leas  complicated  respiratory  movements,  sighing,  cough- 
ing, laughter,  etc.,  adapted  to  secure  special  ends  which  are  not 
distinctly  respiratory.  They  are  all  essentially  reflex  in  char- 
acter, the  stimulus  determining  each  movement,  sonietimea 
affecting  a  peripheral  afferent  nerve,  as  in  the  case  of  coughing, 
sometimes  working  through  the  higher  parts  of  the  brain  as  in 
laughter  and  crying,  sotnetimes  [>06sibly,  as  in  yawning  and 
sigliing.  acting  on  the  respiratory  centre  itself.  Like  the  simple 
respiratory  act,  they  may  with  more  or  less  success  be  carried 
out  by  a  direct  effort  of  the  will. 

Sighing  is  a  deep  and  long-drawn  inspiration  chiefly  through 
the  nose  followed  by  a  somewhat  shorter,  but  correspondingly 
large  expiration. 

Yawning  is  similarly  a  deep  inspiration,  deeper  and  longer 
continued  than  a  sigh,  drawn  through  the  widely  open  mouth, 
and  accompanied  by  a  i>eculiar  depression  of  the  lower  jaw  and 
frequently  by  an  elevation  of  the  shoulders. 
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Hiccough  consists  ia  a  suttrlen  iDspiralory  cou  traction  of  the 
dinphragtn,  in  the  cuurae  uf  which  the  glottis  suddenly  closes,  so 
that  the  further  entrance  of  air  into  the  chest  is  prevented,  while 
the  irnfiulse  of  the  coluiun  of  air  just  entering,  as  it  strikes  upon 
the  closed  glottis,  gives  rise  to  a  well-known  nceompanying  sound. 
The  afferent  impulses  of  the  reHex  act  are  conveyed  by  the  gas- 
trie  branches  of  the  vagus.  The  closure  of  the  glottis  is  carried 
out  by  means  of  the  inferior  laryngeal  nerve.     See  loiet: 

In  aohhiitrf  a  serios  of  similar  convulsive  inKpiratiniis  follow 
each  other  slowly,  the  glottis  being  closed  earlier  than  in  the  case 
oi  hiccough,  80  thai  little  or  no  air  enters  into  the  chest. 

Vougiunff  consislH  in  the  firsi  place  of  a  deep  and  long-drawn 
inspiration  by  which  the  lungs  are  well  iilled  with  air.  This  is 
followed  Ijy  a  coiuplcte  closure  of  the  ghitlis,  auil  then  cornea  a 
sudden  and  forcible  expiraliim,  in  the  midst  of  which  the  glottis 
suddenly  opeut^,  and  thus  a  blast  uf  air  is  4iriveti  thruugh  the 
upper  respiratory  passages.  The  afferent  impulses  of  this  reflex 
act  are  in  most  cases,  as  when  a  foreign  bmly  is  lodged  iu  the 
larynx  or  by  the  side  of  the  epiglottis,  conveyed  by  the  superior 
laryngeal  nerve;  but  the  movement  may  arise  from  stimuli 
applied  to  other  afferent  branches  of  the  vagus,  such  as  those 
supplying  the  bronchial  passages  and  stomach  and  the  auricular 
branch  distributed  to  the  metUiu  ej^ternua.  Stiuiulati<»u  of  other 
nerves  also,  such  as  those  of  the  skin  by  a  draught  of  cold  air, 
may  develop  a  cough. 

In  mcezhig  the  general  ranvement  ia  c.sseutinlly  the  same, 
except  that  the  opening  from  the  pharynx  into  the  mouth  a 
closed  by  the  contraction  of  the  anterior  pillars  of  the  fauces  oud 
the  descent  of  the  aoflt  palate,  so  that  the  force  of  the  blast  is 
driven  entirely  through  the  nose.  The  utferent  impulses  here 
usually  come  from  the  nasal  branches  of  the  fifth.  When  sneez- 
ing however  is  produced  by  a  bright  light,  the  optic  nerve  would 
eeem  to  be  the  afferent  nerve. 

I/aughing  consists  essentially  in  an  inspiration  succeeded,  not 
by  one,  but  by  a  whole  series,  often  long  continued,  of  short  Bpaa- 
modic  expiratioua,  the  glottis  being  freely  ojien  during  the  whole 
time,  and  the  vocal  cords  being  thrown  into  characteristic  vibra- 
tions. 

In  crying,  the  respiratory  movements  are  modified  in  the  same 
way  as  in  laughing;  the  rhylhm  and  the  accompanying  facial 
expressions  are  however  difiereni,  though  laughing  aud  cryiog 
frequently  become  indistinguishable. 


C  H  A  r  T  E  K    II  I. 


[7%«  Physiological  Anatomy  of  the  Skin  and  its  Appendages. 

TiiK  skin  is  divided  Into  two  principal  portions:  the  tpidennis, 
cuticle  or  scarf-skin,  and  the  derma,  or  true  skin.  Theee  layers 
can  readily  he  demonstrated  by  maceration. 

The  epidennii*,  or  most  superficial  layer,  is  a  cellular  structure, 
composed  entirely  of  superimposed  stratiticationa  of  epithelium 
cellB,  which  differ  in  character  in  the  superficial  and  deep  layers. 

Fio.  139. 


Ill  i>r  tliv  N<>gni,  ill  •  Vfilk-al  Sm-tinn  ;  nuifftiiflv*!  STri)  ilLuuet^n-,     #,  •!,  •-|iulii«.>U)i  iwplll"- 
Hlermtat  Mn>l  lUrk  ctiltio*!   U.ver  •>f  |tri«mitiiiiJ  ci|t|<J<^nniii  I'^llt  uf  Um>  uiucoM  ut  Mal- 
lajftin;  df  hurtijr  layvr.     Aftvr  i<^HAiiPKi. 


The  superficial  layers  are  coroposetl  of  flat,  nucleated  homy  epithe- 
lium cells,  which  are  detached  from  the  cutaneous  surface  in  the 
form  of  scales.  In  the  dee|jer  layers,  the  cells  are  rounded  or 
prisnioidal  in  form,  soft  and  pigmented.  The  pigment  is  most 
abundant  in  the  layers  of  cells  which  immediately  surround  the 
pa[>illary  layerof  the  derma,  and  gradually  becomes  less  abundant 
as  the  superficial  layers  of  the  epidermis  are  approached.  The 
differeiice  in  the  color  of  the  akin  of  different  race-s  is  due  to  the 
pigmentary  deposit  in  those  cells.     The  superficial  layers  of  the 
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epidermis  are  termed  the  horoy  layers;  the  deeper  layers  are 
termed  the  rete  mttc^aum,  Malpighiuu  or  mucous  layers.  (Fig. 
139.)  The  cells,  which  are  being  constantly  desijunniated  from 
the  horny  layers,  are  replaced  by  cells  iVoni  the  dee|>er  layers, 
which  uudergf)  the  moditicntions  in  form  fntni  i\  prisnioidal  to  a 
rounded  and  ultimately  to  a  Battened  condition  as  they  are 
pushed  up  by  the  new  cells,  which  are  continually  being  repro- 
duce*! in  the  retc  muco^um.  The  epidermis  forms  a  protectiye 
covering  for  the  body»  by  preserving  the  soil  and  more  delicate 
an[>erlicial  structures  from  the  eflecta  of  friction,  by  dimioishing 
the  evolution  of  heat,  and  by  limiting  the  amount  of  watery 
evaporation. 

The  derma  or  true  ekiu  is  comjiosed  of  two  layers,  ihepapUlary 
layer  and  the  rorimn. 

The  corium  or  deep  layer  is  dense,  tough,  and  elastic,  and 
composed  of  fasciculi  of  white  fibrous  tiB^ue,  which  are  iuter- 

Fm.  110. 


KfwV'?.-fa-\;'r 


PlA.  tt<i.  — IVplllir,  u«  m-vn  wJUi  «  Mh'nwvupr.  iMi  •  |<urtk>u  nF  tlif  lnu<  akin,  lr<rttt  wblrh 
Iho  Cutlrlr  hut  tM'ott  rcrntivH.     Atipt  RnnH^tRT. 

Flo  111  — rVimixttiiHl  Pn|iilUi'  ffoiii  Uit'  Piilfii  iiniic  Haml ;  uiOfitilAMl  >Mirltiuii#txnL  a,  Immm 
(•r  H  iwi'lllii ;  h,  h,  ilivlotuhr  ur  lihifir|ii<ft  of  ilir  Miiir ;  c,  <:,  Imuiclif «  lM>l(>nf  In^  to  psfijll*,  of 
wliicli  thn  tuunvHTT*  hidden  Trum  rli-ii,     Aflnr  Knr.i.iKKn 

laced  in  various  directions,  and  forming  Eipaces  between  their 
ioterlacementB  which  are  termed  areola.  Intermixed  with  the 
white  fibrous  tissue  is  a  variable  amount  of  yellow  elastic  iibree. 
In  the  deeper  portions  of  the  corium  the  fasciculi  are  not  so 
closely  interwoven,  and  they  become  blended  with  the  subca- 
taueous  tissue :  the  areolie  are  larger  and  contain  fat,  halr- 
fullicles,  and  cutaneous  glands.  Approaching  the  8uj>erficial 
suriuce  the  fasciculi  become  more  cl<«ely  interwoven,  and  in 
some  parts  8o  closely  ns  to  obliterate  the  areohe  entirely.  The 
most  8U|>erficial  portion  of  the  corium  is  of  u  homogeneous  nu- 
cleated, transparent  structure.  The  papilhrij  layer  consiste  of 
numerous  extremely  sensitive,  vascular,  conical  projections,  which 
mre  homogeneous  in  structure,  and  appear  to  be  nut  prolungationa 
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of  the  corium,  from  which  it  has  no  distinct  line  of  separation. 
The  papilht*  are  of  two  kinds:  the  simple  and  compound.  The 
simple  |>npill»  (Fig.  140)  are  single  conical  eminences,  which 
are  scattered  irregularly  over  the  general  cutaneous  surface.  The 
compound  papilla*  (Fig.  141)  are  conical  elevations,  which  have 
a  variable  number  of  simple  papillae  projecting  from  their  free 

Kio.  1«. 


I'ltrlioti  uf  :<kiii  from  Ihr  rnliit«r  SurfikY  of  thv  otul  irf  tliv  Tliiiuili,  «llK)itl.v  nuM^l 
uf  til*  4iHtta  of  Uio  •want-gliuiiU.    Attmr  Mabmui  L. 


extremities.  The  oonipouii<l  papilt:e  are  most  abundant  uintn  the 
palmar  surface  of  the  humlH  ami  fingers.  As  aeen  tu  this  situa- 
tion they  are  arranged  in  the  form  of  parallel  curved  riilges, 

Fiu.  143. 


1Cb»l'hull«  In  rit|illlii>  (iiuitfit(n"(t)  trtfitfH)  with  Ac«U<:  Arl<1.  a,  frutn  (119  Dpi;  the  wliltd 
Um*|m  lit  nno  <if  ilu-m  »r«-  rM|iilluiii>«.  m,  (Vtitn  Iho  (unique.  Two  otnl-hiilltt  «r^n  in  thw  uiltUt 
«t  %k»  ilMpk  papfllir ;  a,  a.  ihtv**.    Aflvr  Kollikkr. 

each  of  which  it*  formed  of  a  double  row  of  papiliie,  which  are 
]>laced  in  pairs.  Transverse  grooves  are  seen  upon  the  surfaces 
of  the^fi'lgP^.  which  corresiKmd  to  the  interspaces  between  the 
pairs  of  papilla  forming  the  rows.     Inthe  centre  of  each  trans- 
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verse  groove  is  a  small  opening,  which  is  an  orifice  of  a  sudori- 
parous duct.     (Fig.  142.) 

The  mode  by  which  the  nervous  filaments  terminate  in  the 
skin  is  of  great  physiologicnl  interest,  but  unfortunately  our 
knowledge  on  the  subject  is  atill  unsatisfactorv.  Thua  far  we 
know  that  the  nerves  after  passing  through  the  subcutaneous 
cellulur  tissues  form  plexuses  of  minute  filaments  in  the  more 
superficial  layers  of  the  corium.  Some  of  these  are  soon  lost  in 
the  tissues;  others  are  traced  to  small  corpuscular  elements  situ- 
ated in  the  papilliL*,  which  arc  thought  to  be  the  esdeutial  terminal 
orgtins  connected  with  tactile  sensibility.  These  corpuscles  are 
of  two  kinds :  the  corpuscles  or  t^minal  bulbs  of  Kruuge,  and  the 
tactih  or  a;rilt'  rorpxi^sdes.  The  bulbs  of  Krause  (Fig.  143)  are 
found  principally  hi  the  conjunctiva,  the  lips  and  tongue,  and 
the  glans  penis  and  clitoris.  They  are  in  the  form  of  oval,  ob- 
long, or  rounded  bodies,  composed  of  homogeneous  structure, 
having  a  delicate    connective    tissue  investment.     The  nerve- 


lUpnin  ftvm  [)■'<  Skill  ••r  itir  IlMid,  tt^wl  trvtu  th«  otiilr|f>  hiM  vxhINUnf  Ibr  U*ctnn  cuf 
pnHTltw;  UMgoifitol  ;l'jO  iliiiinflpn.  a,  Slmiik  |>ii|iillii  with  r<>ur  iiorriv-flhrM ;  i«^  rii)-rn««  ttfr- 
|iil«rlti  -  bt  uvr\r».  R,  Pik|>llU  tn'Atwl  wlUi  aretli-  ntlil :  n,  itirtlcul  layvt  with  mil*  nuU  Anf 
flaaik  nioux'nu ;  h,  tiH'tlli*  o«rpmcle  with  tniu»Tcm-  iiut-l»t ;  e,  <<tiifiittg  hDrre  with  ■imrt' 
limivM ;  dt,  iiorvF'Altiiii  wlttitliiK  nmiiil  Ibi*  (viriiuM'l**.  r,  Pit|i{|ltt  vji-wml  rniro  aboToioMW 
Dftpfttr  H  ft  L-[tiM-»(X'(iiin  ;  II,  rurtidil  Ujtdt  ;  b,  iii'rvt-fll-r>< ;  r.  «ltraith  of  Um  tiirtil(<  rorptnol* 
uuuuiiiliig  iitiolt'l  ■  •/,  i:urv;    .vn#r  KOLURin. 

filament,  which  consists  alone  of  the  axis-cylinder,  after  entering 
the  corpuscle  becomes  very  much  convoluted,  or  else  appears  in 
the  centre  as  a  straight  axial  filament. 

The  taeiile  or  axifp  corpuscles  (Fig.  144)  are  found  most 
thickly  distributed  where  the  sense  of  touch  is  most  acute.  They 
appear  as  oblong  or  oval  bodies,  composed  of  a  granular  connec- 
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tive  tissue  which  is  almost  horaogoneous.  According  to  Kolliker, 
the  corpuBclea  coiiftifit  of  a  core  of  homogeneous  or  granular  am- 
uective  tisBuea,  wliirh  in  surrounde*!  by  au  outor  layer  or  aheath 
of  fibro-elaatic  tissue,  having  elongated  nuclei,  situated  trans- 
versely. Covering  thia  is  a  cortex  of  plasmatic  cells  and  elastic 
filaments.     The  nerve  filaments,  which  may  bo  three  or  four  in 

Pw.  145. 


l*BiinJHn  t'or|)iMrlni  froui  Iku  Mf<n)>ul4'i'y  >-f  h  ( 'At ;  iitlriMlol  to  itlmw  tlu-  jeciirnil  ci>ii#tnH*Uitn 
i<r  ttinw  UmIIm.  Thr  slalk  t\ui\  UmI;,  ||h>  unlfr  uml  llilitir  synbili  ut  vn\»u\K)»  witli  t1ir>  c<-nlri)l 
ruvltj  Kfv  <»r4<ii,  II,  Ailt-rlmi  tHJg,  Pinliujf  in  cii|ill)urit<4,  wlikli  titrm  I<k)|i«  iti  wium' of  (lw< 
lrit<'nM|HuIiu'fi|Hicott,  »iiil  •III?  [H>iM>imt«>«  l4i  Oiu  Lvulml  ('ai>«mIv.  A,  TKo  ftlihiivi  rimio  of  |li« 
■talk,  ]<ni|'>Dg«d  fntfii  tiMj  nt'iirilfoitiMt.  n,  Nvrrc-titlHMulnim'Ini;  to  the  ctMilral  'Kimilt',  IImtb 
|u»ln^  Om  whlti<  jRiMaiirc.  iiml  iFtn<lL-lilug  Hloiig  tto'  nxim  t»  tku  ojipcailli*  rorl,  wLcrr  U  la  flltitl 
hy  a  tulmUr  rnlargnni»-nl. 

number,  after  reaching  the  base  of  the  corpuscle,  form  several 
irregular  spiral  coils  around  it  as  they  approach  the  a|>ex,  at  which 
point  they  each  probably  terminate  in  a  iilamentous  extremity. 

Another  variety  of  corpuscle  has  been  deacribetl  by  Pacini. 
Theee  are  known  as  the  Pacinian  corpuscles.     (Fig.  14a.)     They 
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are  fuuml  priuci]ially  in  the  8ub<!utaneou8  cellular  tisBue  of  the 
palmar  surfucc  of  the  hanHs  and  ieot,  ami  most  numerous  in  the 
iiugera  and  toes,  aud  are  tbuud  connected  with  the  nerves  of  the 
jninia,  mesentery,  and  other  parts.  They  consist  of  a  corpuscular 
body,  which  is  joined  by  a  pedicle  to  the  nerve  with  which  it  is 
connected.  The  body  \a  of  an  oval  form,  and  consists  of  su|)er- 
iniposed  concentric  layers  of  connective  tissue,  which  form  a 
series  of  ca|>8ule8  arountl  a  common  centre  or  bulb.  Between 
the  capsules,  especially  the  most  externa!,  spaces  exist,  which  are 
filled  with  a  clear  tluid.  The  bulb  consists  of  granular  nucleated 
matter,  which  siirrouuds  the  nerve-tube.  The  nerve  loses  its 
medullary  substance  and  sheath  as  it  penetrates  the  axis  nf  the 
bulb,  ami  is  continued  through  the  bulb  to  the  opposite  end, 
where  the  filament  ends  as  a  tuhercuhir  enlargement.  The 
situation  of  the^e  bulbs  in  the  subcutaneous  tissue,  as  well  as  in 
positions  of  the  body  nttt  concerned  in  the  tactile  sense,  indicates 
that  they  are  not  connected  with  specifti  sensation,  but  are  only 
one  of  the  modes  of  tenniuHtioii  of  the  aensory  nerves. 

Appendages  of  the  Skin. — The  nails  are  formed  of  modi- 
fied epithelium  cells  of  the  epitlcrmis.  They  are  convex, 
flattened,  smooth,  horny  .structures,  which  are  placed  upon 
the  dorsal  surface  of  the  last  phalau^es  of  the  Gngers  and 
toes.  The  nails  consist  of  a  roof,  body,  and  frer  edije.  (Fijif. 
14().f     The  root  is  ihin,  soft,  with  an  irregular  niargin.     It  ia 

Fio.  U6. 
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TmBfnrM  8«etSon  uf  tli«  Nail  uU  lt«  HMtiix.  h,  l^tiipltudtMl  mcxXnu  <it  lb«  wnr. 
fl|^n«  nro  tUtM^niminBUc.  1,  tb«  imt#r  nitk-ubtr  lajrvr;  2,  the  rpte  mteontm;  \  thi< 
4,  Uki'  u«i1  i>ii>Hr|Miio«- :  A.  litr  ri<Iici>*>iTl1ir  ralU,  of  wbkh  thi<  matrU  nr  fD<li>f  llif*  diUUmI 


covered  by  a  fold  of  the  skin  which  is  extended  around  the  sides 
of  the  body.  The  body  is  that  portion  which  extends  from  the 
root  to  the  free  edge.  It  is  firmly  attached  by  its  under  surface 
to  the  corium  or  true  skin,  which  at  tliis  point  is  very  vascular 
and  marked  by  lonja;itudinal  rows  of  papilla.  The  portion 
beneath  the  IkmIv  of  the  nail  is  termed  the  matrix  or  bed.  At 
the  root  of  the  nail  is  freouently  seen  a  white  semilunar  spot, 
called  the  lunula.  The  whitish  color  is  due  to  the  lessened  vaa- 
cularity  and  fewer  papilloe,  as  compared   with  the  reel  of  the 
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matrix.     The  free  portion  of  the  oaila  Ih  that  part  which  w  de- 

tJiched  from  the  matrix  and  projects  from  the  ciitjineous  surface. 

The  uails  codbUi  of  a  fluperficial   hard  horny  layer,  aud  a 


Fio.  W. 
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rill.  147.— MM)lum-«lz»il  Itrtir  In  \t»  Fullitlv  ;  niagiiifiwl  Wt  iliaiiirlm.  »(.  slnni  <iil  riiort ; 
K  twit ;  e,  VDub ;  rf,  |inlr-<-nt1<-lf  ;  r,  lutnraal,  Rurl,  /.  <-xtoraal  r(Hil-«h«tttlt ;  iP,  K  ilfnnlr  ctNil 
uf  foUlcl* ;  i,  |iuiiill<i ;  A.  t,  -IiK  !^  •■!  iiiUw•^m»  g\x\vi* ;  I,  rurinm ;  «,  mmHnw  layrr  of  ppl- 
0«inii<«;  I?,  n|ti»cr  llmi'i  ■•!  ititt-nutl  rf«ol-iili*^ih.     After  Ktii.t.iKrR. 

Klfl.  IlH.— M«jfiilft«l  VI«w  i.r  lUe  IUm>i  i>f  n  Hair.  .i.  i«tiu  or  slmn  "f  hftlr  cut  uroM] 
fr,  liinvr,  urn)  f,  wiiUr  l»yor  of  tlio  r]4ili-nntil  llnInK  pf  fl"*  haJr-fullirln,  mllrd  n)M>  th«  Inusf^ 
■nd  ouiiT  rootHihoatli ;  <i,  ritnniil  or  cxtrrnal  iimt  nf  lli»r  hnlr-fulli)!"'.  shown  in  jiart  ;  €,  Ini* 
brinitml  w-alta  atMint  hi  funii  a  wirtrcal  Uycr  n«  tbrr  tntrfw*'  nf  Hir  Imlr.  Tin'  miJiu-fUt  cllUfl*' 
«ir  Uin  rtrnt-flliostb  le  nut  tTrrrwiih*4,  nri)t  lhi<  |>A|itlU  i»  lidlil*'!!  )u  the  limor  |iuH  of  llir  ku'il' 
wlww  Oikl  ifl  r«>pr«MnT«>d  llghU'r.     Xtlur  Knui.RAin  n. 

deeper  and  softer  Malpighian  or  mtt£oti«  layer,  which  rests  upon 
the  matrix  and  comi)Ietc)y  fills  the  iuterpapillary  spaces.  The 
aailfi  grow  by  a  continual  addition  of  new  cells  on  their  under 
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surface  and  root.  The  Malpighiari  layor  r(>niainft  stationary* 
ftuii  the  iiornv  layer  alone  is  gradually  iiuroasul  in  thickness 
by  a  deiHifiition  of  cells  imdiM'tieuth  iind  on  the  root,  and  is 
pushed  forward  by  the  growth  «»f  the  root,  and  worn  away  at 
its  free  edge  by  attrition,  or  else  cut  otf. 

The  hair/f,  like  the  nails,  are  formed  of  modified  epidermis 
eel  It*,  They  consist  of  a  rooi  or  bulb,  a  shaft  or  stem,  and  a 
jfoint.  [  Fig9.  T47,  148.)  The  shaft  is  of  a  flattened  cylindrical 
shape,  and  ia  composed  of  an  external  portion  or  cortejr  and  an 
internal  jUtrouA  substance.  The  cortex  ia  formed  of  a  layer  of 
fine  imbricated  cells,  having  their  free  extremities  looking  to- 
wanls  the  point  of  a  hair.  The  cortex  encloses  ih^  fibrotia  struct- 
ure which  constitutes  the  bulk  of  the  hair  substance,  and  is 
compofied  of  elongated  longitudinal  cells,  which  coulain  pigment, 
and  occasionally  air-cavities.  In  the  axis  of  the  fibrous  portion, 
extending  from  the  root  to  near  the  point  of  the  hair,  a  deposi- 
tion of  granular  mutter  is  found,  which  ia  composed  of  irregu- 
larly shaped  celts,  pigment  and  fat.  This  ia  called  the  medulla 
or  piih.  In  the  ratrlulla  air-cells  and  air-spaces  are  found. 
KollJker  supposes  that  the  dark  pigment-granules  of  the  medulla 
are  nothing  mure  than  the  globules  of  aii-  in  the  air-cells. 

The  root  or  bulb  of  the  hair  is  enchisecl  in  a  follicle  which  is 
formed  by  an  involution  of  the  epidermis,  In  the  smaller  hairs 
the  follicle  merely  extends  into  the  corium;  in  the  larger  hairs 
it  extends  through  into  the  deep  layers  of  the  subcutaneous 
tissue.  At  its  dee]>e8t  part  it  is  expaniled  into  a  bulbous  enlarge- 
ment, which  receives  the  expanded  portion  of  the  root,  called 
the  knob.  The  follicle  is  lined  by  a  continuation  of  the  epi- 
dermis cells,  which  forms  the  rootsheaih  of  the  hair.  This  sheath 
consists  of  two  layers,  the  inner  of  which  is  closely  attached  to 
the  imbricated  cells  of  the  cortex  and  extends  U)  a  point  below 
the  orifice  of  the  sebaceous  ducts.  (Fig.  147.)  The  outer  layer 
is  closely  allache<i  lo  the  wall  of  the  iiillicle.  The  wall  of  the 
follicle  is  i^>rmed  by  n  tibro-cellular  tissue  which  is  continuous 
with  the  corium,  A  highly  nervous  and  vascular  papilla  pro- 
jects from  the  corium  into  the  bottom  uf  the  follicle.  On  the 
surface  of  the  papilla  tlie  cells  are  produced  which  are  destined 
to   form   the  hair.      The  bulbous  jHirtion  of  the  root  or  kiwh 
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completely  envelops  the  free  portion  of  the  papilla,  and  con- 
sists of  nucleated  cells  which  are  continuous  with  the  cuticular 
lining  of  the  follicle. 

The  scbaccoxu^  f/lmtds  are  found  distributed  in  most  portions  of 
the  skin,  but  most  abundantly  in  the  scalp  and  face,  and  about 
the  nose,  month,  and  external  ear.  They  are  absent  in  the 
palmar  surface  <if  the  hands  and  feet. 

They  are  sacculated  glands,  which  are  situated  either  in  the 
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curium  or  subcutaneous  tissue.  The  walls  of  the  gland  consist 
of  a  fibrous  tissue,  which  is  )ine<I  with  a  basement  membrane 
covered  with  a  layer  of  granular  nucleated  epithelium  cells. 


Sutkiri)mn>uii  rJUii'l  Axttn  Oif<  PmIui  of  Uiv  llntiJ  ,  itiiiuiiitlrH]  40  itdtiitotc n.  1,  1,  cunlorttyl 
liiU«,  otuiiNMiig  tlif  kIuikI,  null  iiritting  In  tw  ••xc rotor)-  tliiru;  'J,  ^  nhfdi  nnit«>  tutu  utui 
tttiimi  (wiwl  tlmt  |Nirf<>rulr«  tlix  c|>i<iuniil«  mI  r,  uii>l  "i>*-nr  iu  >»rfacM  ml  4  ;  tltf^  glanA  Im  •m- 
IxHliktl  Iu  fMt->i<«icU'«,  wlil<'h  lire  otoh  aI  .*>,  't, 

These  cells  contain  aa  opaque,  oily  matter,  which  is  formed  by  a 
metabolism  of  the  cells,  and  constitutes  the  secretiou.  ^^  xV^  \^v\A. 
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Each  gland  has  a  siugle  duct,  which  is  lined  with  epitheliuin,  aod 
opens  by  u  pivot-like  oriiice,  either  on  the  rutaneous  surface  or 
into  the  upper  portion  of  the  hair-follicle.     (Fig.  147.) 

The  ^uthriparom  or  sweat  glands  C^ig-  149)  are  found  pro- 
fusely distributed  over  nearly  every  portion  of  the  skin.  Their 
total  nuniher  has  been  eetimaled  to  be  about  2,400,0(K).  The 
oriHccs  of  tlio  <iucl.s  are  irregularly  disperset!  over  the  general 
cutaneous  surface,  between  the  papilhe.  On  the  palmar  surface 
of  the  han<i  and  iingers,  the  orifices  are  arranged  in  curved  lines 
iu  the  middle  of  the  double  rows  of  papillie  forming  the  ridges. 
(Fig.  142.)  These  giauda  are  of  the  tubular  variety,  and  each 
consists  of  a  tubule,  having  one  extreniity  terminating  in  an 
orifice  on  the  cutaneous  surface, and  the  other  extremity  forming 
a  convoluted  coil,  which  is  located  in  tlie  subcutaneous  tissue. 
That  part  of  the  tubule  between  the  orifice  and  convoluted  por- 
tion is  called  the  dtid.  The  convoluted  portion  consists  of  one 
or  more  tubuli,  which  are  formed  liy  the  enhdivision  of  the 
primary  tubule.  Tlie  tubuli  end  in  c:«chI  extremities.  These 
glandfl  are  cf>nipoKpd  of  a  libm-cellnlHr  wall,  which  is  lined  with 
granular  nucleated  epithelium.  The  duct  in  it*  passage  from 
the  convoluted  portion  to  tho  orifice  assumes  a  spiral  or  undu- 
lating course  through  the  corlum,  becomes  straightened  in  the 
papillary  layt^r,  and  again  assumes  a  spiral  course,  but  much 
more  marked,  in  ite  passage  through  the  epidermis.  They  are 
abundantly  supplied  with  bloodvo^els  anil  nerves.  The  blood- 
vessels form  a  capillary  plexus  around  the  convoluted  portion.] 


SECRETION  BY  THE  SKIN. 

We  have  traced  the  fomi  from  the  alimentary  canal  into  the 
blood,  and,  did  the  state  of  our  knowledge  permit,  the  natural 
courwe  of  our  study  would  be  to  trnce  the  food  from  the  blood 
into  the  tissues,  and  then  to  follow  the  products  of  the  activity 
of  the  tifisues  l>ack  into  the  hloo<l,  and  »»>  out  of  the  body.  This, 
however,  we  cannot  as  yet  satisfactorily  do;  and  it  will  he  more 
convenient  to  study  ^rst  the  final  products  of  the  metabolism  of 
the  botly.  and  the  manner  in  which  they  are  eliminated,  and 
aflerwanJa  to  return  to  the  discussion  of  the  intervening  stepB. 

Our  food  consists  of  certain  foo<r8lufis,  viz..  prnleids,  fats,  and 
carbohydrates,  of  various  salta,  and  of  water.  In  their  passage 
through  the  blood  and  tissues  of  the  body,  the  proteiils.  fats,  and 
carbohydrates  are  converted  into  urea  (,or  some  closely  allie<i 
body),  carbonic  acid  and  water,  the  nitrogen  of  the  urea  being 
furnished  by  the  proteids  alone.  Many  of  the  proteidn  contain 
sulphur,  aiul  uIho  have  phosphorus  attached  to  them  in  sorae 
cowh'wai'wu  or  other,  and  some  of  the  fats  taken  as  food  contain 
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pho6]>faoru8 ;  these  elements  ullioiately  suffer  oxidation  Into 
phosphates  and  sulphates,  and  leave  the  body  in  that  form  in 
company  with  the  other  salts. 

Broadly  speakinf^,  then,  the  waste  products  of  the  animal 
economy  are  urea,  carbonic  acid,  salts,  and  water.  Of  these,  a 
large  portion  of  tlie  carbonic  acid,  and  a  considerable  quantity 
of  water,  leave  the  body  by  the  lungs  in  respiration  ;  while  all  (or 
nearly  all)  the  urea,  the  greater  portion  of  the  salts,  and  a  large 
amount  of  water,  with  an  insignincant  quantity  of  carbonic  acid, 
pass  away  by  the  kidneys.  The  work  therefore  of  the  remaining 
t'xcretory  tissue,  the  skin,  is  confined  to  the  elimination  of  a  com- 
paratively sniall  'pmutity  of  salts,  a  little  carbonic  acid,  and  a 
variable  but  on  the  whole  large  quantity  of  water  in  the  form  of 
pernpiralion.  The  actual  excretion  by  the  bowel,  that  is  to  say, 
that  portion  of  the  leces  which  is  not  simply  undigested  matter, 
we  have  seen  to  be  very  small. 


The  Nature  and  Amount  of  Pergpinition. 

The  quantity  of  mattt^r  which  leaves  the  human  body  by  way 
of  the  skin  is  very  considerable.  Thus  it  has  l>een  estimated 
that,  while  7  grainn  pass  away  through  the  lungs  ]>er  minute,  as 
much  a^  11  grains  escape  thrimgh  the  skin.  The  amount  how- 
ever varies  extremely  ;  it  has  been  calculated,  from  data  gained 
by  enclosing  the  arm  in  a  cafiotchouc  i)ag,  that  the  total  amount 
of  perspiration  from  the  whole  body  in  24  hours  might  range 
from  2  to  20  kilos;  but  ijuch  a  mode  of  calculation  is  obviously 
open  to  many  sources  of  error. 

Of  the  whole  amount  thus  discharged,  part  passes  away  at 
onc^  as  watery  vapor  mixed  with  volatile  matters,  while  part 
may  remain  for  a  time  as  a  fluid  on  the  skin  ;  the  former  is  fre- 
quently spoken  of  as  inscimbley  the  latter  as  tttnBible  perspiration. 
The  proportion  of  the  insensible  to  the  sensible  perspiration  will 
depend  on  the  rapidity  of  the  secretion  in  reference  to  the  dry- 
ness, temperature,  and  amount  of  movement,  of  the  surrounding 
atmosphere.  Thus,  supposing  the  rate  of  secretion  to  remain 
constant,  the  drier  and  hotter  the  air,  and  the  more  rapidly  the 
strata  of  air  in  contact  with  the  body  are  renewed,  the  greater  is 
the  amount  of  sennlhle  perspiration  which  is  by  evaporation  con- 
verted into  the  insensible  condition  ;  and  conversely  when  the  air 
is  cuot,  moist,  and  stagnant,  a  large  amount  of  the  total  perspir- 
ation may  remain  on  ihe  skin  as  sensible  sweat.  Since,  ns  the 
name  implies,  we  are  ourselves  aware  of  the  sensible  perspiration 
only,  it  may  and  frequfntly  dois  happen  that  we  seem  to  ourselves 
to  be  perspiring  largely,  whun  in  reality  it  is  not  so  much  the 
total  perspiration  which  is  being  increase*!  as  the  relative  pro- 
portion of  the  sensible  perspiration.     The  t&le  ^>i  «fecttNAft.Ti  WiVj 
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however  be  bo  much  iucreosed,  that  oo  amuunlof  dryneas,  or  heat, 
or  movement  of  the  atmosphere,  ia  epfficient  to  carry  out  the 
neceeeary  evaix>ratioD,  and  thus  the  seusible  perspiration  may 
become  abundant  Jn  a  hot  dry  air.  And  practically  this  is  the 
usual  occurrence,  since  certainly  a  high  temperature  conduces, 
as  we  shall  point  out  preseully,  to  au  iucrtase  of  the  secretion, 
and  it  is  possible  that  mere  dryness  of  the  air  has  a  einulnr  effect. 

The  total  amount  of  perapiraLiou  is  atftcled  nut  only  by  the 
condition  of  tho  atmos[)here,  but  also  by  the  nature  and  quantity 
of  food  eaten,  by  the  amount  of  fluid  orunk,  and  by  the  amount 
of  exercise  taken.  It  is  also  influenced  by  mental  couditiooK,  by 
medicines  and  poisons,  by  diseases,  and  by  the  relative  activity 
of  the  other  excreting  orj^aus,  more  particularly  of  the  kidney. 

The  fluid  perspiration,  or  sweat,  whon  collected,  is  found  to  be 
a  clear  colorleea  fluid,  with  a  strong  and  distinctive  odor  varying 
according  to  the  part  of  the  body  from  which  it  is  taken.  Besides 
accidental  epidermic  scales,  it  contains  no  structural  elementa. 
The  reaction  of  the  secretion  of  the  sweat  glands,  apart  from  that 
of  the  sebaceous  glands,  appears  to  be  alkaline.  This  is  well 
seen  when  the  sweat  becomes  abundant.  Au  admixture  of 
sebaceous  secretion  may,  when  the  sweat  itself  is  scanty,  give  rise 
to  au  acid  reaction,  probably  from  the  sebaceous  fats  becoming 
converted  into  fatty  acids.  The  average  amount  of  solids  is  about 
1.81  per  cent,  of  which  about  two-thirds  consist  of  organic  sub- 
stances. The  chief  normal  constituents  are  :  (1 )  Sodium  chloride 
with  small  quantities  of  other  inorganic  salt*.  (2)  Various  acids 
of  the  fatty  series,  such  as  forndc,  acetic,  butyric,  with  probably 
propionic,  caproic,  and  caprylic.  The  presence  of  these  latter 
IS  inferred  from  the  odor;  it  is  probable  that  many  various 
volatile  acids  are  present  in  small  quantities.  Lactic  acid. 
which  Berzelius  reckoned  as  a  normal  constituent,  is  stated  not 
to  he  present  in  health.  (3)  Ineutral  fat£,  and  cbolesterin  ;  these 
have  been  detected  even  in  places,  such  as  the  palms  of  the  hand, 
where  sebaceous  glands  are  absent*  (4)  Though  some  observers 
seem  to  have  found  a  considerable  quantity  of  urea  (calculated  at 
10  grammes  in  the  24  hours  for  the  whole  body)  in  sweat,  the 
evidence  goes  to  show  that  neither  urea  Dor  any  ammonia  com- 
pound exists  in  the  normal  secretion  to  any  extent;  apparently 
some  small  amount  of  nitrogen  leaves  the  boily  by  the  skin,  but 
this  is  probably  supplied  by  the  epidermis. 

In  various  forms  of  disease  the  sweat  has  been  found  to  contain, 
sometimes  in  considerable  quantities,  blood,  albumen,  urea  (par- 
ticularly in  cholera),  uric,  acid,  calcium  oxalate,  sugar,  lactic 
acid,  indigo,  bile  and  other  i>igmeuts.  Iodine  and  pntaasium 
iodide,  succinic,  tartaric,  and  nenzoic  (partly  as  hippuric)  acids 
have  beeo  found  in  the  sweat  when  taken  internally  ns  medicines. 
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Culitneouit  Renjuratian. 

frog,  the  lunga  of  which  have  been  removed,  will  continue 
live  for  some  time;  and  during  that  period  will  continue  not 
ly  to  produce  carbonic  acid,  but  alao  to  consume  oxygen.  In 
her  words,  the  fro>;  is  able  tf>  breathe  without  luuga,  respiration 
in^  carried  on  efficiently  by  meann  of  the  ekin.  In  mammala 
d  in  man  this  cutaneous  respiration  is,  by  reason  of  the  thick- 
BB  of  the  epidermis,  reatricted  to  within  very  narrow  limits; 
everthdesB,  when  the  body  remains  for  some  time  in  a  closed 
amber  to  which  the  air  passing  in  and  out  of  the  lun^  ha^  no 
cess  (as  when  the  body  is  enclosed  in  u  large  air-tight  hag 
Itting  tightly  round  the  neck,  or  where  a  tube  in  the  trauhea 
rries  air  to  and  from  the  lungs  of  an  animal  place<l  in  an  air- 
ight  box),  it  is  found  that  the  air  in  the  chamber  loses  oxygen 
nd  gains  carbonic  acid.  The  amount  of  carbonic  acid  which  is 
thus  thrown  off  by  the  skin  of  an  average  man  in  twenty-four 
hours  amounts  to  about  10  grms.,  or,  according  to  some  observers, 
to  (no  more  than  I  about  4  grms.,  increasing  with  a  rise  of  tem- 
perature, and  being  very  markedly  augmented  by  bodily  exer- 
cise. It  is  stated  that  the  amount  of  oxygen  consumed  is  about 
equal  in  volume  to  that  of  the  carbonic  acid  given  off,  but  some 
observers  make  it  rather  Ic^s.  It  is  evident  that  the  loss  which 
the  body  suffers  through  the  ekin  consists  chiefly  of  water. 

When  an  aniimil,  such  as  a  rabbit,  is  covered  over  with  an 
impermeable  vaniJsh  such  as  gelatine,  so  that  all  exit  or  entrance 
of  gases  or  liquids  by  the  skin  is  prevented,  death  shortly  endues. 
This  result  cannot  be  due,  as  was  once  thought,  to  arrest  of 
cutaneous  respiration,  seeing  how  insignificant  is  the  gaseous 
interchange  by  the  skin  as  compared  with  that  by  the  lungs. 
Ii- Nor  are  the  symptoms  those  of  asphyxia,  but  rather  of  some  kind 
Ife of  poisoning,  marked  by  a  very  great  full  of  temperature,  which, 
™*^however,  does  not  seem  to  be  tfie  result  of  diminished  [ini<luction 
of  heat,  since  it  is  naid  to  be  coincident  with  au  actual  iucreaae 
of  the  discharge  of  heat  from  the  surface.  The  animal  may  be 
restored,  or  at  all  events  its  life  may  be  prolonged  with  abate- 
ment of  the  Hyniptorus,  if  the  great  loss  <tf  heat  which  \^.  evidently 
taking  place  be  prevented  by  covering  the  body  thickly  with 
cotton-wool,  or  keeping  it  in  a  warm  atmosphere.  Tlie  symp- 
toms have  not  as  yet  been  clearly  analyzed,  but  they  seem  to  be 
due  in  part  to  a  pyrexia  or  fever  [wssibly  caused  by  the  reten- 
tion within  or  reabsorption  into  the  blood  of  some  of  the  con- 
stituents of  the  sweat,  or  by  the  products  of  some  abnormal 
metabolism,  and  in  part  to  a  dilation  of  the  cutaneous  veasela 
which  causes  an  abnormally  large  loss  of  heat,  even  through  the 
varnish. 
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Tfie  Secretion  of  Pernpiraiion^ 

The  Bkin  contains,  beeides  the  ordinary  Budoriparous  glands, 
the  sebaceous  glands,  and  the  special  odorifernus  glands  of  the 
axilla,  anua,  and  other  regions.  With  regard  to  the  various 
volatile  and  odoriferoui*  substances  peculiar  to  sweat,  and  espe- 
cially with  regard  to  those  peculiar  to  the  sweat  of  particular 
regions  of  the  nkin,  there  can  be  no  doubt  that  these  are  secreted 
by  the  epithelium  of  the  appropriate  glands.  There  can  be 
equally  no  doubt  that  the  fats  which  come  to  the  surface  of  the 
Bkin  from  the  sebaceous  glands  arise  from  a  nietabolism  of  the 
cells  of  those  glands.  And  we  shall  j>robably  not  go  far  wrong 
in  regarding  the  sweat  as  a  whole  as  supplied  by  the  sweat-glands 
aloue.  For  though  it  eeems  evident  that  some  amount  of  fluid 
must  pass  by  simple  transudation  through  the  ordinary  epidermis 
of  the  f><>rtions  of  skin  intervening  between  the  mouths  of  the 
glands,  yet  on  the  whole  it  in  probable  that  the  portion  which  so 
passes  is  a  small  fraction  only  of  the  total  (juantity  secreted  by 
the  skin  ;  and  direct  experiment  bhows  that  even  the  simple 
evaporation  of  water  is  much  greater  from  those  parts  of  the 
skin  in  which  the  glands  are  abundant  than  from  those  in  which 
they  are  scanty. 

The  Nervous  Mechanism  of  Perspiration.  —  The  seoreting 
activity  of  the  skin,  like  that  of  other  glands,  is  usually  accom- 
panied and  aided  by  va^*cular  dilutii^u.  In  one  of  Bernard's 
early  experiments  on  division  of  the  cervical  sympathetic,  it  was 
observed  that,  in  the  case  of  the  horse,  the  vascular  dilation  of 
the  face  on  the  i^ide  operated  on  was  accompanied  by  increased 
perspiration.  Indeed,  the  connection  between  the  state  of  the 
cutaneous  bloodvessels  and  the  amount  of  perspiration  is  a  matter 
of  daily  observatinn.  When  the  vessels  (if  iheskin  are  contracted, 
the  secretion  of  the  skin  is  diminished;  when  they  are  dilated,  it 
becomes  abundant.  And  in  this  way,  as  we  shall  later  on  point 
out,  the  temperature  of  the  body  is  largely  regulated.  When 
the  surrounding  atmosphere  is  warm,  the  cutaneous  veaseU  are 
dilated,  the  amount  of  sweat  secreted  is  increase*!,  and  the  con- 
sequently augmented  evup^iration  tends  to  cool  down  the  body. 
On  the  other  hand,  when  the  atmosphere  is  cold,  the  cutaneous 
vessels  are  constricted,  perspiration  is  scanty,  and  less  heat  is  lost 
to  the  body  by  evaporation. 

The  analogy  witn  the  other  secreting  organs  which  we  have 
already  studied  leads  us,  however,  to  infer  that  there  are  special 
nerves  directly  governing  the  activity  of  the  sudoriparous  glands, 
indepenfleut  of  variations  in  the  vascular  supply.     And  not  only 
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ill  this  view  supported  by  many  pathological  facta,  Huoh  as  the 
prof\iBe  perspiration  of  the  death  nguny,  of  various  crisee  of  *1ia- 
ease.antl  of  certain  mental  emotions,  and  the  cold  sweats  occurring 
in  phthisis  and  other  maladies,  in  all  of  which  the  skin  ib  anaimic 
rather  than  hypencmic;  but  we  have  direct  experimental  evidence 
of  a  nervous  mechanism  of  perspiration  as  complete  as  the  vaso- 
motor mechaniem. 

If  in  the  cat*  the  i)eripheral  Htunip  of  the  divided  sciatic  nerve 
be  stimulated  with  tne  interrupted  current,  a  profuae  sweat  may 
readily  b«  obeerved  to  break  out  in  the  hairlese  sole  (if  the  foot 
on  that  side.  Not  only  may  the  secretion  be  obeerved  when  the 
cutaneous  vessels  are  thrown  into  a  state  of  coni^triction  by  the 
stimulus,  hut  it  also  appears  when  the  aorta  or  crura]  artery  is 
clamped  previous  to  the  stimulation,  or  indeed  when  the  leg  is 
amputated.  Moreover,  when  atrojiiu  haa  been  iujected,  the 
stimulation  produces  no  sweat,  though  vaeo-motor  eflecia  follow 
an  usual.  The  analogy  between  the  sweat-glands  of  the  foot  and 
such  a  gland  as  the  submaxillary  is  in  fact  very  close,  and  we 
areJustiSed  in  8|>eaking  of  the  scintie  nerve  as  containing  secre- 
tory fibres  distributed  to  the  sudoriparous  glands  of  the  foot 
Similar  results  may  be  obtained  with  the  nerves  of  the  forelinib. 
And  in  oureelve«  copious  seL'retion  of  sweat,  may  be  induced  by 
tetanizing  through  the  Mn  the  nerves  of  the  limbs  or  the  face. 

If  a  cat  in  whicii  the  sciatic  nerve  has  beeu  divided  on  one 
side  be  exposed  to  a  high  temperature  in  a  heated  chamber,  the 
limb,  the  nerve  of  which  has  been  divided,  remains  dry,  while 
the  feot  of  the  other  IJnilra  sweat  freely.  This  result  shows  that 
the  sweating  which  is  caused  by  exposure  of  the  hotly  to  high 
temperatures  is  brought  about  not  by  a  local  action  on  the 
swejit-gUnds  but  by  the  agency  of  the  c**ntral  nervous  syalom. 
A  high  temperature  up  to  a  certain  limit  increases  the  irrita- 
bility of  the  epithelium  of  the  sweat-glands  as  it  doe.f^  that  of 
other  forms  of  protoplasm  ;  thus  stimulation  of  the  sciatic  in  the 
cat  produces  a  much  more  abundant  secretion  in  a  limb  exposed 
to  a  temperature  of  85°  or  somewhat  above,  than  in  one  which 
has  l)een  exposed  to  a  distinctly  lower  temperature,  and  in  a 
limb  which  has  been  placed  in  ice-cold  water  hardly  any  secre- 
tion at  all  can  be  gained,  but  apparently  mere  rise  of  tempera- 
ture without  nerve-stimulation  will  not  give  rise  to  a  secretory 
activity  of  the  glands.  The  sweating  caused  by  a  dyspn«eic  con- 
dition of  blood,  and  such  appears  to  be  the  sweat  of  the  death 


^  Tbo  out  rwaaU  freely  in  the  bftlrluiis  soles  of  the  fMt,  but  cot  <m  anv  pnrt  of 
the  bodjr  vovarod  with  hiiiri.  The  dog  ahv  aweAt*  in  the  aatne  rojc'ions,  but  not 
JO  freely  a.s  the  oat.  Rsbbtts  und  other  rodents  Appear  oot  to  swent  at  kll.  The 
inout  of  the  pig  sneaU  freeljr,  ind  the  often  profane  iwoAting  of  the  horse  is 
knowD  Ui  all. 
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agony,  ia  similarly  hrought  about  by  the  agency  of  the  central 
□ervouB  system.  When  an  animal  with  the  sciatic  nerve  divided 
on  one  side  ia  made  dyspnuuic,  no  sweat  appears  in  the  hiad-limb 
of  that  side,  though  abundance  is  seen  in  the  other  feet. 

Sweating  may  be  bronf»ht  about  as  a  reflex  act.  Thus  when 
the  centra!  stump  of  the  divided  sciatic  is  stimalated  sweating  is 
induced  in  the  other  limbs,  and  in  ourselves  the  introduction  of 
pungent  substances  into  thp  mouth  will  frequently  give  rise  to  a 
copious  perspiration  ovrr  the  side  of  the  face.  AVe  are  thus  led 
to  speak  of  sweat-centrt^s,  analogous  to  the  vaso-motor  centres, 
as  existing  in  the  oentrnl  nervous  system,  and,  as  in  the  case  of 
vaso-motor  centres,  a  dispute  has  arisen  as  to  whether  there  is  a 
dominant  sweat-centre  In  the  medulla  oblongata  or  whether  such 
centres  are  more  generally  distributed  over  the  whole  of  the 
spinal  cord. 

It  does  not  at  present  appear  certain  whether  the  sweating 
caused  by  heat  is  carrieii  out  by  direct  action  on  the  sweat- 
centres,  or  by  the  higher  temperature  affecting  the  skin  and  so 
producing  its  effect  in  a  reflex  manner,  but  in  the  case  of  dyspnoea 
at  least  wo  may  fairly  suppose  that  the  action  of  the  venous 
blood  is  chieHy  if  not  exclusively  on  the  nerve  centres.  Some 
drugs,  such  as  piloearpin,  which  ciiuse  sweating,  appear  to  pro- 
duce their  effeet  chiefly  by  a  local  action  on  the  giamis  since  the 
action  continues  after  the  division  of  the  nerves  (though  pilo- 
carpiti  at  least  has  as  well  some  action  on  the  nerve  centres), 
and  the  antagonistic  action  of  atropin  is  similarly  local.  Nieotin 
appears  to  produce  its  sweating  action  chiefly  by  acting  on  the 
central  nervous  system. 

The  sweat-fibres  for  the  hind-foot  (in  the  cat)  appear  to  leave 
the  spinal  cord  by  the  roots  of  the  last  dorsal  and  first  two 
lumbar  or  last  (wo  dorsal  and  first  four  lumbar  nerves,  pass 
along  the  rami  commuiucnnt^  to  the  ubdorainnl  sympathetic,  and 
thus  reach  the  sciatic  nerve.  Similarly  the  sweat-nervea  for  the 
fore-foot  leave  the  spinal  cord  by  the  roots  of  the  fourth  (or 
fourth,  fifth,  and  sixth)  dorsal  nerves,  pass  into  the  thoracic 
sympathetic,  thence  into  the  ganglion  stellatum,  and  thus  join 
T  the  brachial  plexus  ;  the  course  to  the  foot  is  finally  along  the 

I  median  and  ulnar  nerves  respectively.     In  the  horse  and  pig  the 

I  sweat-tibres  for   the  side  of  face  and  snout  appear  to  run  in 

^^       branches  of  the  fifth  and  not  in  the  facial. 

I  a  c 


Absorption  by  the  Skin. 

Although  under  normal  circumstances  the  skin  serves  only  as 
a  channel  of  loss  to  the  bmly,  it  has  been  maintained  that  it  may, 
under  particular  circumstancee,  be  a  means  of  gain.     Caaefl  are 
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on  record  where  bodies  are  said  to  have  gained  iu  weight  hy  ini- 
mereioii  in  a  bath,  or  by  exposure  tu  a  moist  ntrnoHphere  durinjg 
a  given  period,  in  which  no  foot!  or  drink  waa  taken,  or  to  have 
{gained  more  than  the  weight  of  the  IbiHi  or  drink  taken;  the 
gain  in  such  cases  must  have  been  due  to  the  absorption  of  water 
by  the  skin.  Direct  experimente,  however,  throw  Joubt  on  lhe«e 
statements,  for  they  snow  that  under  ordinary  circumstances 
such  a  gain  by  the  skin  h  slight,  being  apparently  due  to  mere 
imbibition  of  water  by  the  epidermis.  It  is  uncertain  whether 
substances  in  aqueous  solution  can  be  absorl^ed  by  the  skin  wheu' 
the  epidermis  is  intact,  the  evidence  on  thia  point  being  contra- 
dictory. In  the  case  of  the  sound  liuman  skin  tlio  balance  o£ 
coufliutiug  evidence  ia  in  favor  of  the  view  that  soluble  non- 
volatile substances  are  not  absorbed,  and  that  volatile  substances, 
such  as  io«line,  which  may  be  detected  in  the  system  after  a  batb 
containing  them,  are  absorbed  not  by  the  skin,  hut  by  the  mucous 
membrane  of  the  respiratory  organs,  the  substance  making  its 
way  to  the  latter  by  volatilization  from  the  surface  of  the  hath, 
In  the  case  of  the  skin  of  the  frog  an  absorption  of  water  and  of 
various  soluble  substances  would  certaiuly  anf^ar  to  take  place. 
The  lymphaticti  in  the  skin  of  a  new-born  intant  have  been  found 
crowded  with  the  particles  of  the  |>eculiar  fatty  secretion  whicli 
covers  the  pkin  at  birth  ;  and  solid  particletj  rubbed  into  even  the 
Bound  skin  may,  especially  when  applied  in  a  fatty  vehicle,  as, 
ex,  gr,,  in  the  well-known  mercur}'  ointment,  tind  their  way  into 
the  underlying  lymphatics.  So  that  possibly  abaorption  to  a 
certain  extent  may  ordinarily  take  place  in  this  way.  Hy 
abraded  surfaces,  where  the  dermis  is  laid  bare  and  covered 
only  by  the  lowest  layers  of  epidermis,  absorption  takes  place 
very  readily. 
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(11  A  I'TEH  I  V. 

[^Physiological  Anatomy  of  Ute  Kidneys. 

TiiK  kidnevB  are  tubular  elauda.  They  are  inveeted  by  a 
fibrous  capsule,  wliiL'h  is  loosely  connected  to  the  flurfncc  of  the 
orgiiu  by  delicate  pnfcefsea  an<l  bloodvessels.  At  the  hiluni  or 
notch,  tlic  enpfiiilc  is  prolonged  iuwarls  and  forms  the  lluinf^  of 
the  sinus,  and  a  sheath  aronnU  the  Idodd vessels.  The  pdvi*  of 
the  kidney  \a  formed  by  a  trumpet-like  expaogioD  of  the  ureter. 


•^ 


SWriON    tlllt'Ui.K    TIIK    KlI'SKl,    SnoWI.NM    Till     MKltil.LABt    AMI*  I.V>|tllL-AL    l>'>unuKi>,    A»ll 

TIIK  0»iiM?tiX(i  nr  Tiir  rarriB.     IIkmlk. 

t,  itrvt«r;  \  (wlvli  uf  ilie  iiruiur;  r,  |M|klllir  •iirr>»MixliHl  iiy  uitic««  of  i)ii>  cjumiury  inUi ; 

■/,  itjmrtil'lnl  iMtrllons;  r,  i;i>rllt'»l  {NirtiDh  uf  tliv  klilnry. 

At  its  widest  part  it  divides  into  three  infundibula^  and  these  in 
lurn  arc  subdivided  iut<J  ten  or  twelve  smaller  divisionsor  calicea^ 
each  of  which  embraces  one  or  more  small  papillary  projections. 
•  If  a  vertic-al  section  be  made  of  the  kidney,  as  in  shown  in 
Fig  150.  the  substance  of  the  gland  will  appear  to  consist  of 
two  distinct  portions,  which  from  their  positions  are  termed  the 
mediillary  and  cortical  poriiona.    The  medullary'substance  consists 
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itf  a  number  of  conical-shaped  bodies,  which  are  termed  the  ;>yra- 
mids  of  Malpiahi.  The  baaes  and  eide«  of  those  boijies  ar< 
enveloped  by  the  cortical  subatanee ;  the  apicea  project  into  the 
valiceji  as  papiUa,  The  pyramids  have  a  striated  apiiearaoce.  and 
when  more  minutely  examined  are  seen  to  consist  of  a  number  ol 
diverging  tubules,  which  are  bound  together  by  a  fibrnus  stromi 
containing  bloodveseeU.     The  cortical  substance  constitutes  aboul 


Via.  151. 


niAiiitAV  111-  iim  rmiuiic  or  tuk  I  uimvknui  •>  Tt ut  i  kr 
o,  iiHAct*  (ir  liiliiilp  lit  «|MtK  ff  Mnlpit;)iUn  pyniniJ.  I,  inter  miliary  jxirtlon,  contluiu'tii 
with  rvciiiTitpt  bmm  111-*!,  wtitcli  finiii  \o*'in^  e,  la  lliv  medullnr>'  |"»iiluii  of  tli<>  Viilm-y,  hihI, 
rauwuiUng,  torniluate  in  )l«l|iigliiiui  CMpmilM  Id  Uh*  cortical  piirtliiii. 

three-fourths  of  the  gland  substance,  and  is  composed  of  a  maa 
of  convoluted  tubiilcB  whiirh  are  continuous  with  those  of  the 
pyramids,  and  of  small  reddish  bodies  called  the  Maipifjhian 
corpuscles  or  tjlomervdl ;  all  of  which  are  embedded  in  a  fibroua 
matri.v  which  contains  bloodveaaels,  nerves,  and  lymphatiea. 

The  tubules  are  called  the  iubuli  ririniferi,  and  are  composed 
of  a  homogeneous  transparent  membrane,  lined  with   granulai 
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nucleated  epitheliuiu.  In  tlioir  passage  fri»m  the  papillary  on^ 
fices  to  the  cortex  ihey  divide  (iichotutiiously  at  acute  angles  and 
form  bundles  of  straight  or  slightly  wavy  tubules,  which  consti- 
tute the  pyrun)itb  of  Ferrcin.  l-'rorii  these  straight  tubulee 
(tubulea  of  Bellini)  the  intermediary  brttnchef*  arise.  (Fig. 
151,6.)  These  branches  are  fiornewhat  enlarged  and  more  or 
lesa  twisted  ami  tortuous;  they  then  become  much  diminished  in 

Fia.  162. 


TRAKtiTKiuix  8iumuK  ov  A  Ukmal  rAni.ij(. 

<*.  Urjtvi   lutHM  111'  iwitilUrv  <lu«l*;  h,  ^utWi't  tulM»  of  nt'tjle;  e,  MooArwm^U  i1bl(iiKuiiUi«'<l 

Ii>  ttH-lr  fluiii'r  <>tiiih>'lliiiii :  it,  invM  4>f  thtt  •'trumn.      <9Q.      Vtuk  Kvlukkh. 

»hc,  and  return  towards  the  papilla*  in  a  direction  nearly  parallel 
with  the  tubules  of  Belliui,aud  after  pursuing  a  variable  (listance 
retrace  their  way,  being  still  more  reduced  in  size,  aiid  then  run- 
ning into  the  substance  of  the  cortex,  where  they  become  enlarged 
and  convoluted,  finally  terminate  in  saccular  dilatations,  termed 
Malpinhian  capmles.  The  recurrent  branches  or  loops  above 
describeil  are  known  as  the  narrow  inbei*  or  loops  of  Ilefiie, 

The  portion  of  the  tubulea  between  the  straight  tubulea  of 
Bellini  and  the  Malpighian  capsules  presents  three  distinct  ana- 
tomieal  varieties.  Ihe  convoluted  |>ortion  ("secreting  tubulea") 
near  the  capsule,  is  enlargcil  and  lined  throughout  with  glandular 
epithelium  ;  the  capsular,  or  simiUer  portion  ot  the  loop  oj  Ilenle, 
is  about  one  fourth  thesiy.e  of  the  convoluted  portion,  and  is  lined 
with  small  clear  nucleated  cells  ;  the  larger  portion  of  the  lo4)p  is 
about  double  the  size  of  the  capsular  portion,  and  is  lined  with 
epithelium  of  a  columnar  variety,  having  somewhat  of  an  imbri- 
jzated  arrangement;  the  into'tnediate  or  "intercalated'*  portion^ 
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which  connects  the  Inop  of  Henle  with  the  tubules  of  Bellini,  is 
lined  with  an  epithelium  Fitnilar  to  that  which  lines  the  con- 
volutetl  portion  near  the  capsule.  The  tubules  of  Bellini  as  well 
as  the  main  tubules  arc  lined  by  epithelium  of  a  cnlumnar 
variety,  with  broad  bases. 

Kach  of  the  Malpif/h inn  corpuscles  is  composed  of  a  Malpighian 
capsule,  and  an  inclosed  vascular  tuiY.     (Figs.  16H  and    1<'4.) 


Kxo    163. 


Fio.  164. 


Kiti.  It'a.— PluD  of  f)i<'  Ri>n»l  OircKiAiion  In  Muii  iiii>l  >UiiiiiinlU.  it,  trnuiiiAl  bmiii  h  i>r 
tlieartvnr,  ^ivitiK  tin*  (■•niilnul  Iwii;  I,  (<i  Ihi*  MiilplKliUti  tnfl  m,  riMiii  wliUli  <<iu«ri;e«  lli«^ 
fffciftit  or  )*irtA)  vxMaL'l.  '1.  (tt)icr  vlTorvtit  viswIm,  2,  mi<>  n-uu  ■•ultfrinit  ihv  |>l«xu«  tif 
i:»|4IUu1n,   nirr<miiitlfif;  xif  urWilfpmuH  tnbo  I.     Kn>Mi  llip  |tl<*]tiw,  tho  rmulKriit  volit.  ¥, 

Via.  IM  — 44.iiiiHllaKTnniiiiHtK'  K»|in'«fiit»lliiD  .>f  a  Maltiltcliluii  ll>xl>  in  il>  ri'luUoiu  to  Uie 
rrluifrnm^  Tul<*<  <,rn-m  K»ij  rKKH)  3 Off.  o.  cn\miU  ol  dio  MhIiiIicIiIni)  \nniy  ;  J,  i>|tilh«>liiiiii 
of  th*  uHniffPiuii  tulx* ;  r,  iIhIacIiimI  uplttM^U utti  ;  /,  anWrviit  Ti«aai| ;  g,  pfTiirnnl  vrMnl ;  h,  ivu- 
VOlllt«<l  Vi^'ief*lM  ft  U\*'  (cliiiiuTHlut. 

The  tuft  is  composed  of  an  afferent  aud  efferent  vessel  and  their 
intermediate  plexus  of  capillaries.  The  afferent  vessel  ie  f^)rincd 
by  one  nf  the  rnmificntinria  of  the  renal  artery,  which  after 
piercing'  tlie  capsule  rapidly  subdivides  into  minute  capillaries 
forming  an  intricate  convoluted  plexus  which  finally  anaHt<»mose8 
to  form  one  or  more  efferent  vessels  or  veins.  The  eflert-nt  vessels 
make  their  exit  adjacent  to  the  point  of  entrance  of  the  afierent 
vessel,  and  then  form  anastomoses  with  the  efferent  vessels  of 
other  glomeruli  to  fi)rm  dense  plexuses  of  capillaries  around  the 
tubuii  uriniferi  These  capillaries  finally  ft»rm  larger  branches, 
which  ultimately  unite  to  form  the  renal  vein.  The  system  of 
venous  capilhiries  around  Iho  tubules  is  termed  the  reruii  vena- 
portal  sy^t^m.     The  interior  of  the  capsules  is  lined   by  ovoid 
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granular  nucleated  cells.  According  to  some  observers,  the  lull 
is  covereil  by  a  layer  of  cells  eiruilar  to  thoee  liniDg  the  con- 
voluted portion  of  the  tuhiiles.] 


SECRETION  BY  THE  KIDNEYS. 

The  epithelium  of  the  kiduey.like  that  of  the  alimentary  caual, 
ii4  a  secreting  tissue.  The  protoplasmic  cells  which  line  at  lea^t 
a  large  portion  of  the  tubvti  uriivferif  elaborate  fron»  the  blood, 
in  a  niunncr  which  we  shall  presently  discuss,  certain  substances, 
and  discharge  them  into  tlio  channels  of  the  tubules.  Besides 
these  distiu.:tly  aclive  secreting  struclures,  however,  the  kidney 
exhibits  in  its  Malpighiau  bodies  an  arrangement  very  analogous 
to  that  which  (tbiains  in  the  lungs.  Just  as  in  the  latter  the 
functions  nf  the  nlveolar  epilhctium  are  reduced  to  a  minimum, 
and  the  entrance  and  egress  of  the  gases  of  respiration  are 
mainly  carried  on  by  diffusion,  so  in  the  former  the  epithelium 
covering  the  glomerulus  has  probably  but  little  secreting  activity, 
and  the  pas.-'age  of  material  from  the  interior  of  the  convoluted 
bhxMlvesseis  iiilo  the  cavity  of  tl»e  tubule  is  chiefly  carried  on  by 
processes  winch  more  closely  resemble  ordinary  Hlirnlion.  What 
substances  pass  in  this  way,  and  what  substances  are  secreted  by 
the  direct  action  of  the  efiithelium  of  the  secreting  tubules,  we 
shall  shortly  consider.  The  various  substances  passing,  in  com- 
pany with  a  large  amount  of  water,  in  either  the  one  or  the  other 
way,  into  the  ducts  of  the  gland,  constitute  the  secretion  called 
urine.  And  since  the  substances  so  thrown  out  are  of  no  further 
use  in  the  economy,  but  are  at  once  carried  away,  urine  is  gen- 
erally spoken  of  as  an  excretion. 


Sec.  1.— Composition  of  Urine. 

The  healthv  urine  of  man  is  a  clear,  yellowish,  slightly  fluores- 
cent fluid,  of  a  y>eculiar  odor,  saline  taste,  and  acid  reaction, 
having  a  mean  speciH;;  gravity  of  1.020,  and  generally  holding 
in  suspension  a  little  mucus.  The  normal  constituents  may  be 
arranged  in  several  classes. 

1.  Water. 


2,  Inorganic  Salts. — These  fnr  the  most  part  exist  in  urine  in 
natural  solution,  the  composition  of  the  ash  almost  exactly  cor- 
responding witti  the  results  of  the  direct  analysis  of  the  fluid  ;  in 
this  respect  urine  contriistB  forcibly  with  blood,  the  nsh  of  which 
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18  largely  compiwed  of  inorgimic  »ubfllMiice»,  whicli  previous  to 
the  combustion  oxis^ted  in  peculior  couibiuution  with  proteid  aud 
other  complex  bodied.  In  the  ush  of  urine  there  is  ralher  more 
sulphur  than  corresponds  to  the  sulphuric  acid  directly  deter- 
mined;  this  indicates  the  existence  in  urine  of  some  sulphur- 
holding  comiilcx  body.  And  there  are  trncct*  of  iron,  pointin)^ 
to  some  similar  iron-holding  substance.  But,  otherwise,  all  tlio 
Bubatancee  found  in  the  ash  exi^t  as  salts  in  the  iiatnral  tluid. 
The  moat  abundant  and  iniix^rtant  is  smtium  chloride.  There 
are  found  in  emuller  quantities,  calcium  chloride,  potassium  and 
eodiuni  8ulphatrs,  sodium,  calcium  and  ma^nicsium  phosphatea, 
with  traces  of  silicates.  Alknlitio  carbituatea  are  frequently 
found,  and  nitrates  in  small  <|uaiitity  are  alsu  said  to  be  some- 
times present. 

The  phosphates  are  derived  partly  from  the  phosphates  taken 
as  such  in  food,  partly  from  the  phosphorus  or  phuf^phnteg  pecu- 
liarly associated  with  the  proteids,  and  partly  from  the  phosphorus 
of  certain  complex  fata,  such  as  lecithin.  When  urine  becomea 
alkaline,  the  calcic  and  magnesic  phosphates  are  precipitated 
(Fig.  155),  the  sodium  phosphates  remaining  in  solution.     The 


[Fro.  165. 


PritMry  MHliintinl  vf  t»i|>le  tilHM|ilii4ti'«  ^Ut»;><  |<ii4i>ii*tit_  i't>«lrtla)  nihI  iimli'  nf  ntniii 
iirinii  whli-ti  iuui  (iii«lvrir>uo  iUIuiIIiik  fi-mtriitjitl<m.] 

suIphatcB  are  derived  partly  from  the  sulphates  taken  as  such  in 
food  and  partly  from  the  sulphur  of  the  proteids.  The  car- 
bonateSf  when  occurring  in  laree  quantity,  generally  have  their 
origin  in  the  oxidation  of  such  salts  an  citrates,  tartrates,  etc. 
The  bascH  present  depend  largely  on  the  nature  of  the  food  taken. 
Thus,  with  a  vegetable  diet,  the  excess  of  the  alkalicp  in  the  food 
reappears  in  the  urine;  with  an  animal  diet,  the  earthy  baaes  in 
a  similar  way  come  to  the  front. 
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3.  Nitrogenous  Crystalline  Bodies,  (ierivatives  of  the  meia- 
)lifim  of  the  proteids  of  ihe  body  anJ  {'wkI.     First  and  foremost 

"como  urea  and  its  immediate  ally,  uric  acid.  These  will  be  ooo- 
sidered  in  detail  hereafter;  they  are  the  typical  products  of  the 
metabolism  of  proteids.  Exi^tiugin  much  smaller  quautilies  are 
a  number  of  bodies*  more  or  le^s  closely  related  to  urea,  which 
mav  for  the  moj^t  part  be  rcganled  as  les;*  completely  oxidized 
products  of  metabolism.  Such  arc:  kreatinin,  xanthin,  hypf>- 
x:uUhiu,  aud  occasionally  allantoin.  To  the.se  may  be  added: 
hipptiric  acid.nmmoniiim  oxalurate.  and,  at  times,  tatinn,  cyetin* 
leucin,  and  tyrosiii.  The.*e,  too,  we  shall  have  to  consider  in 
dcalinjr  \vilh  the  metaboli.«m  of  the  bwly. 

4.  Konnitrogenoua  Bodies. — These  exisit  in  very  small  quaa* 
lilies,  and  many  of  thom  arc  probably  of  uncertain  occurrence. 
They  are  organic  acids,  such  as  lactic,  succinic,  formic,  oxalic, 
phenylic,  etc.  It  hna  been  maintained  that  minute  quautitieti  of 
sugar  are  invariably  present  in  even  liealthy  urine ;  this,  how- 
ever, has  not  as  yel  been  placed  beyoml  all  doubt. 

5.  Pigments. — These  are  at  present  very  imperfectly  under- 
st^>od.  VV'iu'ther  the  natural  yellow  color  of  urine  be  due  to  a 
single  pigment^  or  to  more  than  one,  and  what  is  the  exact  nature 
of  these  pigtiit^iittt,  musL  be  left  unde(!ided.  As  ha?  been  stated, 
the  urine  frequently  contains  nrobil'm  ;  and  the  (peculiar  red  color 
of  some  rheuriiHtio  urines  in  due  to  Uie  presence  of  a  body  called 
purpurin  or  urotrythrin.  The  nrinc  of  many  animals,  especially 
of  the  d4ig.  and  occasionally  of  man,  contiiins  Indican^  which, 
under  certain  cireumstauces,  may  give  rise  to  the  production  of 
indigo-blue. 

G,  Other  Bodies. — When  urine  is  treated  with  many  times  its 

volume  of  alcohol,  a  granular  or  flocculent  precipitate  is  thrown 
down,  consisting  of  phosphates,  some  substance  or  substances 
giving   proteid  reactions,  and   [irobiihly  other   bwiies   in    small 

?[unntitie8.  An  aqueoua  solution  of  the  precipitate  i^  both  amy- 
olytic  and  proteolytic,  from  which  it  ap|>eara  probable  that 
some  of  the  ferments  of  the  salivary  glamlH,  pancreas,  stomach, 
etc.,  having  done  their  work,  eiH^apc  from  the  body  by  the  urine. 

7.  Oases> — Those  gases  which  can  be  extracted  from  urine  by 
the  mercurial  pump  are  chiefly  nitrogen  aud  carbonic  acid, 
l^xygen  occurring  in  very  email  quantities  or  being  wholly 
'Rbeent. 

The  quantities  in  which  these  multifarious  coustituenta  are 
present  vary  within  very  wide  limits,  being  dependent  on  the 
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AmoiinU  of  iht  Several    Urituwy  OonHtittuntn  Passtd  in   TSoeniy-four 
Honra.     After  pARKCfl. 


By  Ml  MVenur 
ttvui  iif  on  kttiwL. 

IVl  1  kilo 

.■r  UhIj  weight 

<lruam«i. 

(inkiiiiDM. 

Water 

.     16001*00 

23.(1000 

Tothl  solids     .... 

72.000 

1.1000 

Urea 

58.180 

n.6000 

Uric  acid        .... 

O.^rtb 

0.0084 

Hippuric  acid 

O-IOO 

0,0060 

Kreatinin        .... 

0.910 

O.OMO 

Pigment  and  other  lubaUncei 

10.000 

0  1510 

Sulphuric  acid 

2.012 

0.0806 

Ph!»«phonc  acid 

3.184 

00^80 

Chlorine          .... 

7,000(8.21) 

0.l;i6<^ 

Ammonia        .... 

0.770 

Poltt«sium        .... 

2aoo 

Sodium 

ll.OtK) 

Calcium 

0.260 

Magnesium     .... 

0.207 

nnture  nf  the  food  taken,  and  on  the  conditiuns  of  the  body. 
The«e   pointa   will    be   considered   in    tlie  succeeding   chapter. 

I  What  may  be  called  the  average  corapoaition  of  human  urine  is 
shown  in  the  following  table: 
Am 
Acidity  of  Urine. — The  healthy  urine  of  man  is  acid,  owing 
to  the  presence  of  acid  sodium  phosplmte,  the  absence  of  free 
acid  being  shown  by  the  fuel  thai  sodium  hyposulphite  gives  no 
preci[»itate.  The  amount  uf  acidity  is  al)out  etjuivalent  to  2 
grme.  of  oxalic  acid  in  Lweuty-four  hours,  but  the  degree  ai 
acidity  at  any  one  time  varies  much  during  the  day,  being  in 
an  inverse  ratio  to  the  amount  of  acid  secreted  by  the  stomach ; 
thus  it  decreases  after  food  is  taken,  and  increases  as  gastric 
digestion  becomes  complete.  It  varies  with  the  nature  of  the 
food  ;  with  a  vegetable  diet  the  excess  of  alkaliet*  secreted  leads 
to  alkalinity,  or  at  least  to  diminished  acidity,  whereas  this 
effect  is  wanting  with  an  animal  diet,  in  which  the  earthy  bases 
preponderate.  Hence  the  urine  t>i"  carnivorii  is  generalfy  very 
acid,  while  that  of  herbivora  is  alkaline.  The  latter,  when  fast- 
ing, are  fi>r  the  time  being  carnivordUH,  living  entirely  on  their 
own  bodies,  and  hence  their  urine  becomes  under  these  circum- 
stances acid. 

The  natural  acidity  increases  for  some  time  after  urine  has 
been  discharged,  owing  to  the  formation  of  fresh  acid,  apparently 
by  some  kind  of  fermentation.  This  increase  of  acid  frequently 
causes  a  precipitation  of  urates,  wliirh  the  previous  acidity  has 
been  insufficient  to  throw  down.  Atter  a  while,  however,  the 
acid  reaction  e'lvea  wav  to  alkalinity.     This  is  caused  by  a  cou- 


gives  way 
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version  Of  the  urea  into  HmmoDiutn  carbonate  through  the 
agency  of  a  «pecitt(^  ferment.  This  (ermenl  as  n  j^eneral  rule 
does  not  make  it*  appearance  except  in  urtiie  exposed  to  the 
air;  it  is  only  in  unnenlthy  eonililions  that  the  fermentation 
takes  place  within  the  bladder. 

Abnormal  ConBtitnenta  of  Urine.— Tiie  structural  elements 
found  in  the  urine  under  various  circumstances  are  blood,  pus, 
and  mucous  corpuscles,  epithelium  from  the  bladder  and  kidney, 
and  spermatozoa.  Serum-albumin,  fibrin  (frequently  as  "casts*'), 
alkah-albumin.  globulin,  a  |>eculiar  form  uf  albumin  (the  so- 
called  hemi-albumose),  fats,  choleslerin,  sugar,  leucin,  tyroein. 
oxalic  acid,  bile  acids,  and  bile  pigment,  may  be  enumerated  as 
the  most  important  metabolic  products  abnormally  present  in 
urine.  Besides  these  the  urine  serves  as  the  chief  channel  of 
cliniiuation  for  various  bodies  not  proper  constituents  of  food, 
which  may  happen  to  have  been  tateu  into  the  system.  Thus 
various  minerals,  alkaloids,  saltii'.  ])i^rtiieutary  and  odoriferous 
matters  may  be  passed  unchanged.  Many  substances  thus  occa- 
siouallv  taken  sutler  changes  in  passing  through  the  body ;  the 
most  important  of  these  will  be  considered  in  a  succeeding 
chapter. 

8Kt\  2. — The  Secretion  of  Urine. 

We  have  already  called  attention  to  the  fflft  thai  the  kidney, 
unlike  the  other  secreting  organs  which  we  have  hitherto  studied, 
consists  of  two  parts  so  distinrt  in  structure  that  it  .seems  impoe- 
sible  to  resist  the  conclusion  that  their  function?*  are  ditferent, 
and  that  the  mechaninra  by  which  the  urine  is  seercte<l  is  of  a 
double  kind.  On  the  one  hand,  the  tubuli  uriniferi  with  their 
characteristic  epithelium  ^^eeni  obvioui-'ly  to  be  actively  secretins 
structures  comparable  to  the  secreting  alveoli  of  the  salivary  and 
other  glands,  On  the  other  hand,  the  Malpighian  capsules  with 
their  glomeruli  are  organs  of  a  peculiar  nature  with  an  almost 
insiguiiicant  epithelium,  and  their  structure  irresistibly  suggests 
that  they  act  rather  an  a  filtering  than  ag  a  truly  secreting 
mechanism.  Hence,  ihe  view  put  forward  by  Bowman  long  affo, 
that  certain  constituents  only  of  the  urine  are  secreted  after  U>e 
fashion  of  other  secreting  glanda  by  the  tubuli  uriniferi,  and  that 
the  rei^t  of  the  constituents,  including  a  great  deal  of  the  water 
with  such  highly  soluble  and  ditfuuible  salts  us  preexist  in  con- 
siderable (quantity  in  the  blood,  are,  as  it  were,  filtered  by  the 
glomeruli  of  the  Mal|Hghiau  cajisules.  This  view  is,  moreover, 
as  we  shall  presently  see,  supported  by  direct  experimental  evi- 
dence.    Afisuming  for  the  present  the  truth  of  it,  we  may  remark 
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ihat  the  passage  of  fluide  and  diaeolved  Bub^tances  through  mem- 
branes being  in  large  part  directly  dependont  on  pressure,  the 
extent  and  rapidity  ot"  that  part  of  the  whole  process  of  the 
secretion  of  urine  which  i;*  a  kind  of  filtration  will  be  directly 
affected  by  the  amount  of  arterial  pressure  in  the  renal  arteries, 
while  the  effect  of  variations  of  arterial  pressure  on  that  part  of 
the  process  which  is  a  real  active  secretion  will  be  an  indirect 
one  only.  Hence,  the  discharge  of  urine  by  the  kidneys  must  be 
to  a  much  greater  extent  than  is  the  case  with  the  secretion  of 
saliva  or  of  gastric  juice  a  mere  matter  of  pressure;  and  it  will 
consequeDtly  be  of  advantage  to  situdy  the  relations  of  urinary 
eecretion  to  blood-pressure  before  we  enter  upon  the  discussion 
of  the  active  secretion  itself. 

The  Relation  of  the  Secretion  of  Urine  to  Arterial  Pressure, 

Recent  observations  have  shown  expcrimentallvthat  thekidney 
is  supplied  with  a  vaso-motor  mechani.sm  as  well  developed,  per- 
haps, as  that  of  any  Dther  pjirt  of  the  body. 

By  meao8  of  a  motlification  of  the  plethyamograph,  we  can 
readily  observe  the  variations  which  take  place  in  the  volume  of 
the  kidney,  and  the  same  method  can  be  applied  also  to  other 
internal  organs. 

The  insLrurii^nt  c<ui*i«t«  of  two  jwrts,  one  uf  which  (Fijr.  15tj)  called  by 
Dr.  C.  S.  Roy,  who  ititrtnluced  il,  nn  om-orncter.'  is  niiplicd  In  the  ori;tin 
fibi^ut  to  beetiidiod,  while  the  other  (Fie.  157),  eulled  ihe  onpoirmph,  is  ihe 
rocordinj;  pt»rt  of  the  nppiinituj'.  Any  dimiiuuicn  in  the  voUinu-  of  the 
organ  (Pig.  166,  K),  Itidtn'v,  s^pleen,  cu*.,  iis  the  niso  niny  he,  (liniinishe«  the 
pressure  on  the  fluid  in  the  chainL^T  a  ;  some  of  iho  fluid  in  the  chamber 
Af  (Fitf.  157)  J»ccordint;ly  passes  through  the  tub©  ii  und  th«  lube  7*U>  the 
cham1>er  a;  the  piston  D  ticfordingly  falls  nod  with  it  the  lever  If. 
Similarly  an  increase  In  the  volume  of  the  urgnn  cfiu»e«  the  le%-er  to  risti. 

The  volume  of  the  kidney  may  be  increased  by  a  swelling  of 
its  constituent  cells  and  other  structural  elements,  by  an  accu- 
mulation of  lymph  in  its  lymph-spaces  and  by  a  distention  of 
its  bloodvessels.  ( 'Kimpared  with  the  third,  the  two  former 
causes  are  in  health  su  insigniticant  and  problematical  that  they 
mar  be  disregarded.  Further  the  distention  of  the  bUxxivessels 
will  in  general  depend  on  the  constriction  ni*  dilution  of  the 
renal  arteries  aud  their  ramifications,  for  distention  due  to  venous 
obstruction  will  only  occur  in  special  cases.  Hence  variations 
in  the  volume  of  the  kidney  may  be  taken  as  a  measure  of 
variations  in  its  vascular  supply,  increase  of  volume  indicating 
dilated  renal  vessels,  and  decrease  of  volume  indicating  con- 
striction of  the  renal  veesels. 


^  From  oii«M,  bulk. 
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When,  by  means  of  the  instrument  just  described  a  tracing 
is  taken  of  the  volume  nf  a  kidney  in  what  may  be  considered 
a  normal  condition,  some  such  result  as  that  shown  in  Fig.  158  is 
obtained. 

The  volume  of  the  kidney  is  seen  to  be  so  delicately  respon- 
sive to  chnuges  in  the  mean  arterial  pressure  that  the  curve 

Fia.  U">6. 


BnAi  ONcowimtm. 

4Nni  Id  MCtlun  (««ii<<ttoerminnMll<-V  K  kUiiuy,  Kt«mh>U  natl  imtvw  •mbaiMnI  In  hA, 
tte..  utilcrluit  lilliu  i>r  «irR&it,  O  €  itnd  /  C  oul«r  utd  Inuer  im-Ul  «|wulMt  wtci^^mI  tci)p?<bi>r 
\ty  the  w'n*w  A>\  itnd  holdfiiK  t>otWM>ii  thuin  1li«  9d«v  »t  !)>••  uiciuhnum  JV,  v)ili  ti  »nv)lf« 
\\»\t  IM  (tiv  purfiKv  uf  Uiv  k)iliM<>  ■inl  rmiiiM  wirh  Ui<-  iiiiMjtl  in|»iilrt  lwi>  i-hMiilmr*  <i  «f><l  B, 
un«  of  wblcli  fB)  U  ^^f.m^*\  \>y  »  |>Iiik  nillnic  tli«'  >'l>cri)li^  U,  whili-  tlif  "th*>r  i>il  commuuloilM 
t>y  A  tiil«  T,  wlUi  tliA  rwiinlhiK  In^itniiiu'til.  Thi«  otliitr  i>)iciilHft  V  (wfaii-li  h  clu«n]  hj  % 
iniatl  U|i)  1*  fitt  UiQ  (tHi|aiw  uf  Olllttg  llii*  chniiiUir  a  with  viim  nil,  aftiT  tho  kUlbvJ'  hw 
l)ot>u  pWmI  111  Itio  Ujx.  tbo  iitlirr  rliikiiilK-r  ti  hitvlii|c  l<c*-li  iiD' vl<niii)r  \iMtXj  RDM,  tlw 
qiuuitfty  tniriNluoMl  tntn  tt  depeuilinic  upon  tho  rise  uf  tho  lUUa*}'. 


repri>diic^8  alnmat  exactly  a  blood-pressure  curve,  showing  nut 
only  the  respiratory  undulations,  but  even  the  rise  and  fall  due 
to  the  individual  heart-beatii.     With  each  rise  of  mean  arterial 


TUS    SBCRETION    OF    DRINK. 


477 


iiressure  more  hIo(Kl  is  driven   iuto  the  renal  vessels  and   the 
kidney  swells ;  with  each  full  of  pressure  less  blood  enters  and 


Flo.  167. 


f<in(i-i>i«riiiAiuuTir  SKrTi"?(At.  YiKw  or  ONtmimAPtt.    B«lf  mMitml  Mm, 

if  tube  rtiiitMH'tlug  liivtnttiii'itl  will)  uiwuinervr.  ii  J>lvli<M  fliMillittj  mIi  I'il  nmUinnd  ia  tlM' 
tnvity  M;  t)i«>  oil  U  (nvrrtitxtl  fVi<ni  mxiipiiiK  t>,v  llir  Ki<ti<  of  (lii>  iilstuti.  dy  lliv  •lollrnh'  rivilU* 
uietiitimm'  K,  wlili'li  'li^*  umi  liiti>rfurv  witti  \\u>  DtuTotiioiiiikof  i|i«  |>i«t<>n.  ft,  i-Mxinlltig  loror 
ix>nu4iL-t<Hl  Willi  tlio  1<M"U  I7  H  iMvillt-  f}.  |iiuMiiti;  llinmicli  flu-  tuiiU^  A'.  >'.  Tit"  wrn-w  OU 
for  Uio  itiiriMMM*  iif  rliiitipitiir  thu  r<l^  uf  lli«-  iii<-iiii>nJu-  Iwtwm'ti  l)i<*  Iwo  ring-flisiM-U  MirfacM 
lU  .V,  «hil«  lliR  sl<k>  ttil>o  L  i«  Tur  Ui«>  |>iir]ic«p  «>f  (lUlui:  llu-  liiALniincQl. 


Bt  0  0  D 


FlQ.  158. 
PR  E  s  e  u  n  c 
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liuTine  Imttu  110  mill   ]1g.).  Tlio  llmo-ttinrc  glvoo  lutrmipUourM'urTinKrTerj  Ibrve  avcviidf; 
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the  kidnuy  shrinkH.  Od  other  tracings  tukcn  in  the  same  way  may 
often  be  seen  the  wirier  vRrialions  corresjuMuiiug  to  the  Traube- 
Ileriag  curves,  but  it  will  be  observed  that  iu  the^  the  kidney 
shrinks  with  the  rise  of  pressure  and  swells  with  the  fall.  For 
as  we  have  seen  (p.  440  ^  the  rise  iu  the  Traube-IIering  undula- 
tion is  due  to  nn  augmentation  of  peripheral  resistance  caused 
by  the  constriction  of  minute  arteries,  and  this  constriction 
occurs  iu  the  kidney  as  elsewhere;  the  renal  arterioles  take 
their  share  in  producing  the  resuU,  and  iu  consequence  of  their 
coustrictiun  the  kidney  shrinks.  Similarly  the  relaxation  of  the 
renal  vessels  contributes  to  bring  about  the  sequent  fall. 

Other  variations  iu  the  volume  of  the  kidney  arc  seen  to  arise 
from  various  inHuencea.  When  respiration  is  stopped  the  in- 
creasingly venous  blood,  acting  on  the  medullary  f)r  spinal  vaso- 
motor centres,  leads  to  constriction  of  the  renal  as  well  as  of 
other  arttrius,  as  shown  by  the  shrinking  of  the  kidney.  Stimu- 
lation of  tlu-  medulla  oblongata  causes  a  very  marked  shrinking 
of  the  kidney,  indicating  powerful  constriction  of  ila  arteries, 
as  does  also  stimulation  of  the  splanchnic  nerve;  the  effect 
when  the  splannhnic  on  one  side  is  stimulated,  frequently  atfects 
the  kidney  on  the  opposite  side  as  much  aa  that  on  tlie  same 
side.  Stimulation  of  a  sensory  nerve  causes  shrinking  of  the 
kidney,  in  spite  of  a  rise  of  mean  pressure,  which  in  itself 
would  t<^nd  to  swell  the  kidney,  taking  place  at  the  same 
time;  this  is  an  instance  of  redex  constriction  as  that  of  stimu- 
lation of  the  splanchnic  nerve  is  of  direct  constriction.  A 
direct  constriction  may  also  be  bniU)j;ht  about  by  stimulation 
of  the  renal  nerves.  When  u!l  thu  riuial  nerves  arc  divided  (an 
operation  by  no  means  easy),  stimulation  of  nervoa  in  other 
parts  of  the  body  docs  not  cause  a  constriction  but  an  expansion 
of  the  kidney,  since  it  gives  rise  to  an  increase  of  blocxl-preasure, 
through  which  the  renal  vessels  are  passively  tilled  to  a  greater 
extent. 

The  same  method  further  shows  that  the  vaso-motor  mechan- 
ism  of  the  kidney  is  remarkably  sensitive  to  changes  in  the 
chemical  contttitution  of  the  blood.  The  injection  into  the  blood 
of  even  a  small  (]uaulity  of  water  causes  a  nhrinking  of  the 
kidney  followed  by  a  more  lasting  expansion.  The  injection  of 
urea  and  some  other  diuretics  produces  the  same  effect  to  a  more 
marked  degree,  while  the  injection  of  normal  saline  solution 
and  especially  of  such  diuretics  as  so^lium  acetate  causes  an  ex- 
pjineion  from  the  very  rirst,  the  primary  shrinking  being  absent. 
It  is,  moreover,  worthy  of  ntite  that  theae  effects  of  diuretics  and 
of  chemical  changes  in  blooil  appi-ar  t'ven  after  all  the  renal 
nerves  have  apparently  been  completely  severed,  indicting  that 
theae  bodies  induce  vascular  changes  by  acting  either  upon  some 
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peripheral  vaao-iuotor  mec'liauiam,  or  eveu  more  directly,  on  the 
bloodve»aelB  themselves.  It  may  be  added  that  ibey  ^iU  pro 
duce  eoueiderable  ellecta  iu  the  kidney  itself  "wi thou t  appreciably 
modifying  the  general  blood-preBSure. 

As  yet  this  mctho<i  has  not  disclosed  any  distinct  vaso-dilator 
tibres  passing  to  the  kidney  from  other  parts,  pi^Bitive  dilation 
having  been  ob^rved  only  as  the  result  of  cbemical  agents. 
But,  even  if  the^e  prove  eventually  to  be  really  absent,  enough 
has  been  said  to  show  that  the  kidney  has  an  ample  and  well- 
developed  va80-mott>r  supply.  In  manv  of  tht-  observations  re- 
ferred to  above,  the  tlow  of  urine  was  Jeterrained  at  the  same 
time  as  the  volume  of  the  kidney,  by  measuring  the  escape  from 
the  ureter  of  the  kidney  experiujentcd  upon  through  a  canula 
tied  into  it.  And  it  was  found  that  unless  sjiecial  causes  inter- 
vened, expansion  of  the  kidney  was  accompanied  by  au  increase, 
and  contraction  by  a  decrease  in  the  flow  of  urine.  But  betbre 
we  attempt  to  illustrate  the  working  of  the  vaso-raotor  mechan- 
iam  just  aescribed,  it  will  be  as  well  to  call  attention  to  the  fact 
that,  as  far  as  filtration  is  concerned,  the  chief  circumstance  of 
the  vascular  condition  of  the  kidney  which  we  have  to  consider 
is  the  extent  of  pressure  present  in  the  small  vessels  of  the  renal 
glomeruli.  Tl)e  more  the  pressure  of  the  bluod  in  these  exceeds 
the  pressure  of  the  fluid  in  the  channels  of  the  urlniferous 
tubules,  the  more  rapid  and  extensive  will  be  the  filtration  from 
the  one  into  the  other. 

This  local  blood-pressure  in  the  small  vessels  of  the  glomeruli 
may  be  iurrea^ed: 

1.  By  au  increase  of  the  general  blood- pressure,  brought 
about  (a)  by  au  increased  force,  frequency,  etc.,  of  the  heart's 
beat,  ( 6 )  by  the  constriction  of  the  small  arteries  supplying  areas 
other  than  the  kidney  itself. 

2.  By  a  relaxation  of  the  renal  artery,  which,  as  we  have  pre- 
viously pointed  out  (p.  2iS:h,  while  iliniinisbing  the  pressure  in  the 
artery  itself,  increases  the  pressure  in  the  capillaries  and  email 
veins  which  the  artery  supplies.  It  need  hardly  be  added  that 
this  local  relaxation  must  either  be  accompanied  by  constriction 
in  other  vascular  areas,  or,  at  all  events,  must  not  be  accom- 
panied by  a  sufticienlly  compensating  dilation  elsewhere. 

The  same  local  pressure  may  be  similarly  (Itnuniflu'd — 
1.  By  a  cougtriction  of  the  renal  artery  and  its  branches, 
which*  while  increasing  the  pressure  on  the  cardiac  side  of  the 
artery^  diniiniehes  the  pressure  in  the  ca|dllariea  and  veins  whicii 
are  supplied  by  the  artery.  This  again  must  either  be  accom- 
panieil  by  dilation  in  other  vascular  ureas,  or  at  least  nut  ac- 
companied by  a  compensating  constriction. 
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2.  By  a  lowering  of  the  general  blo(Hl-prc8flure  brought  ahotit 
(a)  by  diminiahe*.!  force,  etc.,  of  the  heart's  bent,  (61  by  a  general 
diiatiuD  of  the  eaiall  arteries  of  the  body  at  targe,  or  by  a  dila- 
tion of  vascular  areaa  other  than  the  kidneys. 

Bearing  these  fact£  ia  mind,  it  becomes  apparently  easy  tu 
explain  many  of  the  instanced  in  wliicb  an  increase  or  dimi- 
nution of  urine  ia  produced  by  natural  ar  artificial  meane. 
ThuH,  section  o^  the  Mtlnal  conl  below  the  medulla  causes 
a  great  diminution,  and  indeed  in  many  cAses  a  complete  or 
almost  complete  arrest  of  the  secretion  of  urine.  This  opera- 
tion, as  we  have  seen  in  discussing  the  vasn-raotor  system,  leads 
to  a  \'^T)'  general  vascular  dilation,  in  consequence  of  which 
there  ensues  a  great  fall  of  the  general  blood-pressure.  At 
preacDt  it  seems  uncertain  whether  the  renal  arteries  really 
possess  a  normal  tone  like  that  of  most  other  arteries,  and  we  do 
not  know  whether  they,  in  consequence  of  the  operation,  share 
in  the  general  dilation.  Even  if  they  do,  their  expansion  ap- 
parently ia  infuurticient  to  compensate  the  great  diminution  of 
general  bloud  pressure.  It  has  been  stated  that  the  effect  of 
section  of  the  medulla  is  so  marked  and  constant  that  when,  in 
the  dog,  the  blood  pressure  sinks  at  least  below  'M)  mm.  mercury 
the  secretion  of  urine  is  invariably  arrested.  It  would  appear, 
however,  tbat  this  is  not  always  the  case,  and  that  secretion  is 
sometimes  observed  to  continue  when  the  blood-pressure  sinks 
even  beh>w  this  (M>int,  Section  of  the  sjiiual  cord  in  the  dorsal 
region  similarly  depresses  the  general  blood-pressure  and  similarly 
arrests  or  diminishes  the  secretion  of  urine.  Tliis  i.--  an  o(>eratiou,. 
however,  from  which  an  animal  may.  if  duly  tended,  recover,  and 
Jive  for  a  long  time  with  the  lumbar  spinal  cord  quite  separate<l 
from  the  brain  and  upper  parts  of  the  spinal  cord.  In  such  a 
case  the  secretion  of  urine  ia  soon  reestabfished  ;  but  the  general 
hlond-prcsaurc  is  also  reestablished,  so  that  this  condition  of  things 
also  illustrates  the  connection  between  b]ocMl-pre!4Sure  and  the 
secretion  of  urine. 

Stimulation  of  the  spinal  cord  below  the  medulla,  though 
acting  in  the  converse  direction,  brings  about  the  same  result^ 
arrest  of  the  secretion.  By  the  stimulation  the  action  of  the 
vaso-motor  nerves  is  augmented,  and  constriction  of  the  renal 
arterieSf  as  well  as  of  other  arteries  in  the  body,  is  brought  about. 
The  increase  of  general  blood-pressure  thus  produce*!  is  insuffi- 
cient to  compensate  for  the  increased  resistance  in  the  renal 
arteries ;  and,  as  a  consequence,  the  flow  of  blood  into  the  glome- 
ruli is  largely  reduce<l.  We  have  seen  that  under  these  circum- 
stances the  kidney  shrinks ;  and,  indeed,  on  inspection  it  is  seen 
to  become  during  the  stimulation  pale  and  bloodless. 

Section  of  the  renal  nerves  is  followed  by  a  most  copious  secre- 
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tion,  by  what  has  been  called  hyilruria  or  polyuria.  The  section 
of  the  uerveti,  by  inlerrupling  the  va^o-iuotor  tracts,  even  if  it 
does  not  act  in  the  way  of  destroying  a  noruiui  tone  (the  existence 
of  which  seems  doubtful  J,  prevents  the  advent  of  ordinary  con- 
stricting impulses,  and  thus  indirectly  leads  U^  dilation  of  the 
renal  arteries,  and  so  to  increased  jiressure  in  the  small  vessels 
of  the  glomeruli.  If,  alter  section  of  the  renal  nerves,  the  cord 
be  divided  below  the  metiuUa,  the  polyuria  disappears;  for  the 
diminution  of  general  blood-pre«ure  thus  produced  more  than 
compensates  for  the  special  dilation  of  the  renal  arteries.  Con- 
versely, if  after  section  of  the  renal  nerves  the  cord  be  stimulated, 
the  flow  of  urine  is  still  further  increased,  since  the  rise  of  general 
bl(xn]-i>ressure  due  to  the  general  arterial  constriction  caused  by 
the  stimulation  tends  to  throw  still  more  blood  into  the  renal 
arteries,  on  which,  owing  to  the  division  oi"  their  nerves,  the 
spinal  stimulation  is  powerless.  The  section  of  the  renal  nerves 
sometimes  leadn  tu  the  ap{>earaucc  of  albumin  in  the  urine,  but 
this  is  probably  due  to  some  other  effects  than  those  of  variations 
in  blood-pretisure  simply. 

Section  of  the  splanchnic  nerves  produces  also  an  increased 
flow  of  urine.  But  the  augmentation  in  this  case  is  smaller  and 
less  certain  than  in  the  case  of  section  of  the  renal  nerves  them- 
selves, partly  because  the  vaso-motor  tracts  from  the  spinal  cord 
to  the  kidneys  do  not  ruu  exclusively  in  the  splanchnic  nerves, 
but  reach  the  kidney  along  some  other  path  or  paths,  and  partly 
because  the  splanchnic  nerves  govern  the  whole  splanchnic  area, 
and  hence  a  large  portion  of  the  increased  supply  of  blood  is 
diverted  from  the  kidney  to  other  abdominal  organs.  On  the 
other  hand,  i^timulation  of  the  splanchnic  nerves  is  able  to  arrest 
the  flow  of  urine  by  producing  constriction  of  the  renal  arteries. 

The  experimental  phenomena  recorded  above  are  thus  seen  to 
receive  a  fairly  satisfnctr^ry  explanation  when  they  arc  referred 
exclusively  to  variations  in  blood-pressure.  And  many  of  the 
natural  variations  in  the  flow  of  urine  may  be  interpreted  in  the 
samu  way.  No  fact  in  the  animal  ecA)nomy  is  oftener  or  more 
strikingly  brought  home  to  us  than  the  correlation  of  the  skin 
and  the  kidney  as  far  as  their  secretions  arc  concerned  ;  and  this 
seems  to  be,  in  part  at  least,  maintained  by  means  of  the  vaso- 
motor nervous  mechanism.  Thus,  when  the  skin  is  cold,  its 
bloodvessels  are,  as  we  know,  constricted.  Thin,  by  causing  an 
iocrease  of  general  blood-pressure,  will  augment  the  flow  through 
the  kidneys,  aud  conversely,  the  dilated  condition  of  the  arteries 
of  a  warm  skin,  with  the  coneei^ueut  (iimiuution  of  general  blood- 
pressure,  will  give  rise  to  a  diminished  renal  discharge.  It  is 
probable,  however,  that  a  more  direct  connection  exists  between 
the  skin  aud  the  kidneys,  so  that  a  warm  skin  leads  to  coustric- 
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tion  and  a  cold  skin  to  dilation  of  tlie  renal  vessels;  and  it  is 
further  possible  that  the  one  may  react  on  the  otiter  in  another 
way,  viz.,  by  changes  induced  in  the  blood.  The  effecte  of  emo- 
tionn  may  possibly,  also,  be  explained  as  essentially  vaso-motor 
phenomena. 


Secreium  by  Hie  Reiial  Epiihdium. 

While  thus  recognizing  the  importance  of  the  relations  of  the 
flow  of"  urine  to  blcKid-presHiire,  we  must  not  be  led  into  the  error 
of  supposing  that  the  work  of  the  kidney  is  wholly  a  matter  of 
filtration.  The  glomerular  meclianisni.  so  ^-pecially  fitted  for 
filtration,  is,  alter  all,  a  small  portii)n  only  of  the  whole  kidney, 
and  the  epithelium  over  a  large  part  of  the  course  of  the  Uibuli 
uriniferi  bears  most  distinctly  the  characters  of  an  active  secreting 
epithelium.  These  facts  would  lead  us  (/ ;>non- to  suppose  that 
the  tluw  of  urine  'a^  iu  part  the  result  of  an  active  secretion  com- 
parable to  that  of  the  salivary  or  other  glands  which  we  have 
already  studied.  And  we  have  experimental  and  other  evidence 
that  such  is  the  case. 

In  the  first  place,  a  flow  of  urine  may  be  artificially  excited 
even  when  the  natural  flow  has  been  arrested  by  diminution  of 
blood- pressure.  Thus  if,  when  tlie  urine  has  ceased  to  flow  in 
consequence  of  a  section  of  the  nie<iulla  oblongata,  certain  sub- 
stances, such  as  urea,  sodium  acetate,  etc.,  be  injected  into  the 
blood,  a  more  or  less  copious  secretion  is  at  once  set  up.  This 
secretion  h,  or  at  least  may  be,  unaccompanied  by  any  rise  of 
blood -pressure  sufficient  to  account  for  the  flow  on  the  filtration 
hypothesis.  A  very  similar  result  is  illustrated  by  the  common 
experience  that  the  flow  of  urine  is  largely  increased  after  taking 
fluids,  especially  in  large  quantities.  We  cannot  explain  this 
by  a  reference  to  blood- pressure, since  we  have  seen  (p.  271)  that 
the  quantity  of  blood  may  be  increase<i  largely  without  raising 
the  blood-pressure.  On  the  other  hand,  observations  with  the 
oncometer  have  shown  us  that  the  kidney  is  remarkably  sensitive 
to  changes  in  the  chemical  constitution  of  the  blrH>d,  an  expaii- 
sion,  preceded  or  not  bv  a  passing  constriction,  l>eiug  caused  by 
the  injection  into  the  blood  of  even  small  quantities  of  water, 
sodium  chloritie,  and  other  substances.  We  have  further  seen 
that  thf  expansion  of  the  kidney,  or  rather  the  dilation  of  the 
renal  vessels  which  is  the  cause  of  that  expansion,  bruught  about 
Id  this  way,  is  dependent  on  n  local  peripheral  anion  of  some 
•n^r,  since  it  will  take  place  af\cr  complete  severance  of 
"Fvcs.  It  is,  of  course,  open  ihr  us  to  suppose  that 
of  the  renal  vessels  is  the  cause  of  the  increased 
tme,  aince,  the  general  blood-pressure  remain- 
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ing  the  same,  it  will  lead  to  increaset]  pressure  ia  the  glomeruli. 
Sii  that  the  activity  of  the  kiduey  which  follows  upon  food  and 
driuk,  or  upon  the  iujection  of  area  and  other  suotjUinces  into 
the  bloi>d,  may  be  taken  as  really  illustrating  the  dependence  of 
the  flow  of  urine  on  blood-preasure,  though  the  vascular  me- 
chanism concerned  is  limited  to  the  kidney  itself  and  variations 
of  the  general  hloml- pressure  play  no  part  in  the  matter.  But 
it  is  also  open  for  us  to  suppose  that  the  presence  of  these  sub- 
stances in  the  bUxx]  excites  the  renal  epithelium  cells  to  an  un- 
wonte<l  activity,  causing  them  to  pour  into  the  interior  of  the 
tubules  u  copious  secretion,  just  as  the  presence  of  pilocarpin  in 
the  blood  will  cause  the  salivary  cells  to  pour  forth  their  secre- 
tion into  the  luraen  of  their  ducts;  and  that  this  activity  of  the 
epithelium  cells  is  accompanied,  also,  as  in  the  caee  of  the  sub- 
maxillary and  other  glands,  by  a  vascular  dilation  which,  though 
adjuvant  and  beneficial,  is  not  the  distinct  cause  of  the  activity. 
That  this  latter  view  is  probably  the  true  one,  ia  shown  by  the 
following  remarkable  experiment,  from  which  we  learn  that  of 
the  various  substances  Hnding  their  way  into  the  blood,  some 
pass  into  the  urine  through  the  glomeruli,  while  others  are  dis- 
tinctly secreted  by  the  tubuli  uriniferi,  their  discharge  being 
accompanied  by  an  activity  of  the  secreting  cells  indicated  by  the 
flow  of  water  taking  place  at  the  same  time. 

In  the  amphibia,  the  kidney  has  a  double  vascular  supply :  it 
receives  arterial  blood  from  the  renal  artery,  but  there  is  also 
poured  into  it  venous  blood  from  another  source.  The  femoral 
vein  divides  at  the  top  of  the  thigh  into  two  branches,  one  of 
which  runs  along  the  front  of  the  abdomen  to  meet  its  fellow  in 
the  middle  line  and  form  the  anterior  abdominal  vein,  while  the 
other  passes  to  the  outer  border  of  the  kidney  and  branches  in 
the  substance  of  that  organ,  forming  the  so-called  renal  portal 
system.  Now  the  glomeruli  are  supplied  exclusively  by  the 
branches  of  the  renal  artery,  the  renal  vena  porta'  only  serving 
to  form  the  capillary  plexus  around  the  tubuli  uriniferi»  which  is 
also  supplied  by  the  efferent  vessels  of  the  glomeruli.  Fnjm  this 
it  is  obvi(»U8  that  if  the  renal  artery  be  tied,  the  blood  ia  sliul  o(f 
entirely  from  the  glomeruli,  actual  observation  of  the  kidney  of 
the  newt  having  shown  that  under  these  circumstances  there  is 
no  rertux  from  the  capillary  network  surrounding  the  tubules 
back  to  the  glomeruli ;  thus  the  kidney  by  this  simple  operation 
is  transformed  into  an  ordinary  secreting  gland  devoid  of  any 
special  filtering'mechanism.  We  owe  to  Nussbaum  the  ingenious 
use  of  such  a  kidney  to  ascertain  what  substances  are  excreted 
by  the  glomeruli,  an<l  what  by  the  tubules  in  some  other  part  of 
their  course.  It  is  found  that  sugar  and  peptones,  which  injected 
into  the  blo^  readily  pass  through  the  untouched  kidney  and 
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appear  in  the  urine,  do  not  pass  through  a  kidney  the  renal 
arteries  of  wliich  have  been  tied.  These  sul^stauces,  therefore, 
are  excreted  by  the  glomeruli.  Urea,  on  the  other  hand,  injected 
into  the  blood,  givet^  rise  to  a  secretion  of  urine,  when  the  renal 
arteries  are  tied  ;  this  sul)stance,  therefore,  is  secretcfl  by  the 
epithelium  of  the  tubules,  and  in  being  so  secreted  gives  rise  at 
the  same  time  to  a  flow  of  water  through  the  cells  into  the  interior 
of  the  tubulea. 

Additioual  evidence  in  favor  of  the  activity  of  the  epithelium 
cells  is  affbrdrd  by  an  observation  for  which  wc  are  indebted  to 
Ileidenhain.  Into  the  veins  of  animals  io  which  the  urinary 
flow  bad  been  arrested  by  section  of  the  spinal  cord  below  the 
medulla,  this  observer  injected  a  (juantity  of  coloring  mateiial 
known  as  sodium  sulphindigotate.*  By  killing  the  animals  at 
appropriate  times  alter  the  injection  of  the  material  and  examin- 
ing the  kidneys  microecopically  and  otherwise,  he  was  enabled 
to  ascertain  that  the  pigment  sit  injected  passed  from  the  blood 
into  the  renal  epithelium,  and  thence  into  the  channels  of 
the  tubules,  where  it  was  precipitated  in  a  solid  form.  There 
being  no  stream  of  fluid  through  the  tubules,  owing  to  the  arrest 
of  urinary  How  by  means  of  the  preliminary  oi>enitiuu,  the  pig- 
ment travellc<l  very  little  way  down  the  interior  of  the  tubules, 
and  remained  very  much  where  it  was  cast  out  by  the  epithelium 
cells.  There  were  no  traces  whatever  of  the  pigment  having 
passed  by  the  glomeruli;  and  the  cells  which  could  be  seen  dis- 
tinctly to  lake  up  and  eject  it,  were  those  lining  such  portions  of 
the  tubules  (viz.,  the  so-called  secreting  tubules,  intercalated 
tubules  and  portions  of  the  loops  of  Ilenle  f  as  from  their  micro- 
scopic features  have  been  supposefl  to  be  the  actively  secreting 
portions  of  the  entire  tubules.  By  varying  the  quantity  injected 
and  the  time  which  was  allowed  to  elapse  between  the  injection 
and  subsequent  inspection,  Heidenhain  was  able  to  trace  the 
material  step  by  step  into  the  cells,  out  of  the  cells  into  the 
interior  of  the  tubules,  and  for  some  little  distance  along  the 
tubules.  The  advantage  of  the  absence  of  a  large  flow  of  urine 
is  obvious;  had  this  been  present,  the  pigment  immediately  that 
it  issued  from  the  cells  would  have  been  rapidly  washed  away 
down  the  channels  of  the  tubules.  One  observation  he  made  of 
a  peculiarly  interesting  character.  After  injecting  a  certain 
quantity  of  pigment,  and  allowing  such  a  time  to  elapse  as  he 
knew  from  previous  experiments  would  suffice  for  the  passage  of 
the  material  through  the  epithelium  to  be  pretty  well  completed, 
be  injected  a  sec<jud  quantity.     He  found  that  the  excretion  of 
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this  second  quantitv  was  most  incomplete  and  impertect.  It 
seemed  as  if  the  cells  were  exhausted  by  their  previous  efforts, 
just  as  a  muscle  which  has  been  severely  tetanized  will  not  re- 
spond to  A  renewed  stimulation. 

This  observation  may  l»e  objected  to  on  the  ground  that  this 
coloring  matter  <locs  not  occur  as  a  constituent  of  the  blood 
either  in  health  or  diseaee,  and  especially  that  the  absence  of 
any  concomitant  discharge  of  fluid  from  the  cells  excites  sus- 
picion that  the  process  observed  was  not  really  one  of  secretion, 
for  ^he  injection  of  such  sulietances  as  urea  or  urates  into  the 
blood  does  cause  a  copious  flow  of  fluid,  and  indeed  thus  pre- 
vents the  microscopic  tracking  out  of  their  passage,  which  iu 
the  case  of  urates  might  be  done  much  in  the  same  way  as  with 
the  8o<]ium  Buljiliiiuligotate.  Moreover,  other  observers  have 
maintained  that  the  sodium  eulphindigotate  does,  like  ordinary 
carmine,  pass  through  the  glomeruli,  but  in  the  case  of  the  am- 

fihibian  kidney  when  sodium  eulphindigotate  is  injected  after 
igature  of  renal  arteries,  no  urine  in  found  in  the  bladder,  but 
the  pigment  can  be  traceil  through  the  epithelium  of  the  secret- 
ing portions  of  the  tubuli.  Without  insisting  tot>  much  on  the 
value  of  the  sodium  Buli)hin<ligotate  experiments,  they  may  be 
taken  aa  fairly  supporting  the  view  we  are  considering. 

Ex|>enmental  evidence  then  justifies  the  conception  which  the 
structure  of  the  kidney  led  us  to  adopt.  The  seerelion  of  urine 
by  the  kidney  is  a  double  process.  It  is  partly  a  process  of  fil- 
tration, whoee  object  is  to  remove  as  rapidly  as  possible  a  quan- 
tity of  water  from  the  btxiy,  and  this  part  of  the  work  of  the 
kidney  is  directly  dependent  on  blomlpressure.  It  is  also,  how- 
ever, a  process  of  active  secretion  by  the  epithelium  of  the 
tubuli,  and  this  part  of  the  work  of  the  kidney  is,  iu  an  indirect 
manner  only,  dejK'udeut  on  bluod-nreesure.  Both  processes  may 
give  rise  to  a  discharge  of  water  irom  the  blood,  and  both  may 
give  rise  to  the  presence  of  the  solid  constituents  of  the  urine,  in 
solution  in  that  water.  In  the  first  process  the  discharge  of 
water  is  the  primary  object,  and  the  solid  matters  svhich  escape 
at  the  same  time  are  of  secondary  im|>ortance;  in  the  second 
process  the  excretion  of  the  solid  substance  is  the  primary 
object,  and  the  accompanying  water  of  secondary  importance. 
The  first  process  is  governed  (mainly  at  least)  by  the  vaso-motor 
nervous  system  ;  the  second  process  is  excited,  as  far  as  we 
know  at  present,  by  substances  in  the  blood  acting  directly  as 
chemical  stimuli  to  the  epithelium,  but  future  researches  may 
disclose  the  existence  of  a  secretory  nervous  mechanism  analo- 

rB  to  that  of  other  secretory  glands.     It   must  also  be  letl 
further  inquiries  to  determine  exactly  which  of  the  two  pro- 
cesBes,  or  to  what  relative  extent  each  of  them,  is  concerned  iu 
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bringing  about  the  presence  iu  the  urine  of  iU  several  cod- 
stituentfi. 

In  one  re8i)ect  the  kidney  as  a  secreting  organ  differs  markedly 
from  such  a  gland  as  the  salivary.  In  the  case  of  the  latter,  we 
have  seen  that  the  saliva  as  it  Hows  may  cause  a  pressure  ia  the 
duct  greater  than  tho  mean  arterial  pressure;  iu  the  case  of  the 
former  when  a  mauometer  is  connected  with  a  canuta  tied  into 
the  ureter  of  a  dog,  the  mercury  may  rise  to  <>0  mm.,  but  not 
much  beyond,  and  oflen  iKCoraes  stationary  at  a  lower  level,  show- 
ing that  the  urine  cannot  be  secreted  at  a  pressure  greater  than 
that  probably  obtaining  in  the  renal  vessels;  or,  at  least,  if  secre- 
tion does  take  place  it  is  counterbalanced  by  an  absorption 
taking  place  at  the  same  time.  But  in  this  respect  the  kidney 
has  its  tellow  in  another  secreting  organ,  the  liver,  for  in  this,  as 
we  have  seen,  the  secretion  of  bile  is  arrested  when  the  pressure 
is  raised  too  high. 

One  or  two  words  of  caution  are  necessary.  In  speaking  of 
the  glomerulus  as  a  fitterinc;  apparatus,  it  must  not  be  under- 
Btoo<r  that  it  is  thereby  really  compared  to  an  ordinary  filter 
made  of  dea<l  material,  and  that  when  filtration  through  it  is 
spoken  of,  a  process  exactly  like  that  which  takes  place  in  the 
laboratory  is  meant.  In  the  glomerulus  the  elements  of  the 
blooil  have  to  pass  through  the  Jiving  wall  of  the  capillary,  and 
the  covering  layer  of  epithelium  cells,  and  the  transit  must  be 
affected  by  the  couditiou  of  these  living  structures.  By  virtue 
of  their  constitution  they  allow  certain  things  to  pass  and  not 
others,  and  when  they  become  chanced  the  passage  of  material 
is  changed  also.  The  possible  innuence  of  a  mere  layer  of 
squamous  epithelium  is  shown  by  experiments  on  the  cornea, 
which   acts  absolutely  differently  a<«  a   filter  according  as  the 

ithelium  of  Desocmet  is  retained  or  removed,  and  in  speaking 
01  the  circulation  we  dwelt  on  the  importance  of  the  physiologi- 
cal condition  of  the  capillary  walls.  The  nature  of  the  filtra- 
tion taking  place  through  the  glonier'nlus  will  defteud  therefore 
on  the  condition  of  the  cajHlIary  walla  and  their  epithelial  in- 
vestment. This  is  illustrated  by  the  phenomena  of  albuminuria 
(or  the  passage  of  albumin  into  the  urine),  especially  aa  seen  in 
the  following  interesting  experiment  by  Nussoaum  on  the  arti- 
ficial ]>roductiou  of  albuminuria  iu  the  frog.  The  renal  arteries 
being  tied,  an  injection  of  urea  (1  cm.  of  a  10  per  cent,  solution) 
into  the  bloml  gave  rise  to  a  fiow  of  urine  which  was  free  from 
albumin.  Upon  loosing  the  ligatures  so  as  to  reestablish  the 
flow  of  blood  through  the  glumoruli,  the  urine  at  once  l>ecame 
albuminous.  The  arrest  of  the  circulation  through  the  glome- 
ruli had  damaged  the  capillary  walls,  and  so  nllowe<]  the  passage 
through  them  into  the  interior  of  the  Malpighian  cajMulea  of 
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the  natural  protcids  of  the  blood,  which  in  a  normal  condiiiou 
of  the  capillaries  cannot  efiect  8uch  a  j)a8sage.  The  injury, 
however,  was  temporary  only ;  in  a  short  time  the  capillnry 
walls  were  restored  to  health,  and  the  urine  ceased  to  be  al- 
buminous. 

We  may  further  quote  as  showing  the  peculiar  nature  of  the 
filtration  ihat  ligature  of  the  renal  veius  arrests  tho  secretion  of 
urine.  Apparently  the  eflect  which  it  should  produce  by  increas- 
ing the  pressure  in  the  glomeruli  is  more  than  couuterlmlauct'd 
by  other  iuflucncea.  Upon  removal  of  the  lif^aturea,  the  urine  is 
usually  albuminous,  showing  that  in  the  interval  the  glomeruli 
hare  become  changed. 

One  consideration,  of  quite  secondary  importance  in  the  glands 
which  have  been  previously  studied,  acquires  great  prominence 
when  the  kidney  is  being  i^tudied.  In  studying  the  pancreas  and 
gastric  glands,  we  concluded  without  much  discussion  that  the 
zymogen  and  pep:*inogen  were  formed  in  the  epithelium  cells;  for 
no  great  manufacture  of  these  substunces  is  goiug  ou  in  other 
parts  of  the  body.  The  kidney,  however,  is  emphatically  an  ex- 
creting orgau  :  its  great  function  is  to  get  rid  of  substances  pro- 
duced by  the  activity  of  other  tissues;  its  work  is  not  to  form 
but  to  eject.  There  can  be  no  doubt,  to  put  forward  a  strong 
instance,  that  with  regard  to  urea  it  would  oe  absurd  to  suppoae 
that  the  whole  series  of  changes  from  the  protcid  condition  to  the 
urea  stage  is  carried  ou  by  the  kidney.  But  there  still  remains 
the  question,  Are  any  of  the  stages  carried  on  in  the  kidney,  and 
if  80.  what?  Is  the  secreting  activity  uf  the  renal  epithelium 
contined  to  picking  out  the  already  formed  urea  from  the  blood  ? 
Or  does  the  secreting  cell  of  the  tubule  receive  from  the  blood 
0ome  antecedent  of  urea,  and  in  the  laboratory  of  its  protoplasm 
convert  that  antecedent  of  urea  into  urea  itself?  and,  if  so,  what 
ia  that  antecedent  which  comes  to  the  kidney  in  the  blood  of 
the  renal  artery?  And  so  with  mauy  other  of  the  urinary 
constituents. 

In  order  to  complete  our  study  of  renal  activity,  this  question 
ought  to  be  considered  now  ;  but  for  many  reasons  it  will  be  more 
convenient  to  deler  the  matter  to  the  succeeding  chapter,  in 
which  we  deal  with  the  metabolic  events  of  the  body  in  general. 


Sec,  3. — Micturition. 

The  urine,  like  the  bile,  is  secreted  ctmlinuously ;  the  flow  may 
rise  and  fall,  but,  in  health,  never  absolutely  ceases  for  any  length 
of  time.  The  ceiseation  of  renal  activity,  the  so-called  suppression 
of  urine,  entails  speedy  death.    The  minute  streams  passing  con- 
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tinuously,  now  more  rapidly  aovf  more  slowly,  along  the  collect- 
ing and  dischurgiug  tubules,  are  gathered  into  the  renal  i>elvi8, 
whence  the  fluid  is  carried  along  the  ureters  partly  by  pressure 
aud  gravity  and  partly  by  the  [jeristaltic  contractions  of  the 
muscular  walls  of  those  channels  (see  p.  133)  into  the  urinary 
bladder.  When  a  ureter  is  divided  in  im  animal,  aud  a  canula 
inserted,  the  urine  may  be  observed  to  flow  from  the  canula  drop 
by  drop,  slowly  or  ra[)idly,  according  to  the  rate  of  secretion. 
PVequcnlly,  nUcr  u  series  of  single  drojw  at  long  intervals,  sev- 
eral drops  follow  in  rapid  succession,  apparently  urged  by  a 
peristaltic  wave.  In  the  urinary  bladder,  the  urine  is  collected, 
Its  return  into  the  ureters  being  prcvcnte<]  by  the  oblif|ue  entrance 
into  the  bladder  and  valvular  nature  of  the  orifices  of  thoee 
tubes;  and  its  discharge  thence  in  considerable  quantity  is 
effected  from  time  to  time  by  a  somewhat  complex  muscular 
mechanism^  <^f  the  nature  aud  working  of  which  the  following 
is  a  brief  account. 

The  involuntary  musculnr  fibres  forming  thegreater  part  of  the 
vesical  walls  are  arranged  partly  in  a  more  or  less  longitudinal 
directi<>n  forming  the  so-called  detrusor  u rime,  and  partly  in  a 
circular  manner,  the  circular  fibres  tieitig  most  deve]o[w>d  round 
the  neck  of  the  bhiddernnd  forming  there  the  so-called  sphincter 
vesicffi.  Ailer  it  has  been  em|)tied,  the  bladder  is  contracted 
and  thrown  into  folds;  as  the  urine  gradually  collects,  the  bladder 
becomes  more  and  more  distended.  The  escape  of  the  fluid  is, 
however,  proventod  by  the  resistance  ofl'ered  by  the  elastic  flbres 
of  the  urethra,  which  keep  the  urethra  channel  closed.  Some 
maintain  that  a  tonic  contraction  of  the  sphincter  veaicie  aids  in, 
or  indeed  is  the  chief  cause  of.  this  retention.  The  continuity  of 
the  sphincter  vesicte  with  the  rest  of  the  circular  tibres  of  the 
bladder  suggests  that  it  probably  is  not  a  sphincter,  but  that  its 
use  lies  in  its  contracting  after  the  rest  of  the  vesical  fibres,  and 
thus  finishing  the  evacuation  of  the  bladder.  On  the  other  hand, 
the  fact  that  the  neck  of  the  bladder  can  withstand  a  pressure  of 
twenty  inches  of  water  so  long  as  the  bladder  is  governed  by  an 
intact  spinal  cord,  but  a  pressure  of  six  inches  only  when  the 
lumbar  spinal  cord  is  destroyed  or  the  vesical  nerves  are  severed, 
affords  very  strong  evidence  in  favor  of  the  view  that  the  obstruc- 
tion at  the  neck  of  the  bladder  to  the  exit  of  urine  depends  ou 
some  tonic  muscular  contraction  maintained  by  a  reflex  or  auto- 
matic action  of  the  lumbnr  spinal  conl. 

When  the  bladder  has  lK*come  full,  we  feel  the  need  of  making 
water,  the  sensation  being  heightened  if  not  caused  by  the  trick- 
ling of  a  few  drops  of  urine  from  the  full  bladder  into  the  urethra. 
We  are,  then,  conscious  of  an  eflbrt ;  during  this  effort  the  bladder 
18  thrown  into  a  long-continued  contraction  of  an  obscurely  peri- 
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staltic  nature,  the  force  of  which  is  more  than  sufficient  to  over- 
come the  elastic  resistance  of  the  urethra,  and  the  urine  isauee  in 
a  stream,  the  sphincter  veaicie^  if  it  act  as  a  sphincter,  being  at 
the  same  time  either  relaxed  after  the  fashion  of  the  sphincter 
ani,  or  at  least  overcome.  In  its  passage  along  the  iirethrn,  the 
exit  of  the  urine  ia  forwarded  by  irregularly  rhythmic  contrac- 
tions of  the  bulbo-cnverno8U8  or  ejacu  lator  urinie  muscle,  and  the 
whole  act  ia  further  assisted  by  pressure  on  the  bladder  exerted 
by  means  of  the  abdominal  muscles,  very  much  the  same  a;(  in 
deieoation. 

We  said,  just  now.  "  when  the  bladder  has  become  full."  but 
this  must  nut  be  understood  to  mean,  "  when  the  bladder  has 
received  a  certain  quantity  of  fluid."  On  the  contrary,  It  is  a 
matter  of  common  experience  that  we  feet  the  desire  to  make 
water  sometimes  when  a  large  quantity  and  sometimes  when  a 
small  quantity  of  urine  has  accumulated  in  the  bladder.  We 
have  evidence  that  the  bladder  poBHes!<es  to  a  very  high  degree 
that  obscure  continuous  contraction  which  we  speak  of  as  '*  tone ;" 
and,  further,  that  the  amount  of  it^  t<jne  is  excee<liugly  variable, 
the  organ,  quite  indej)endently  of  distinct  cHbrts  at  micturition, 
being  at  one  time  contracted  and  at  another  Haccid  and  rlinteuded. 
When  it  is  in  a  contracted  state,  a  small  quantity  of  tlviid  may 
exert  the  same  pressure  ou  the  vesical  walls  as  ii  larger  quantity 
when  the  bladder  is  flaccid.  Hence,  the  determining  cause  of 
the  desire  to  make  water  is  the  pressure  of  the  urine  u|K)n  the 
vesical  walls,  the  quantity  needed  to  produce  fulness  being  de* 
pendent  on  the  amount  of  tonic  contraction  of  the  muscular 
nbres  existing  at  the  time. 

Micturition  as  sketched  above  seems  at  first  sight,  and  espe- 
cially when  we  appeal  to  our  own  consciousness,  a  purely  volun- 
tary act.  A  voluntary  effort  throws  the  bladder  into  contrac- 
tions, an  accompanying  voluntary  etfort  throws  the  ejaculator 
and  abdominal  muscles  also  into  contractions,  and,  the  resistance 
of  the  urethra  being  thereby  overcome,  the  exit  of  the  urine 
naturally  follows.  If  we  adopt  the  view  of  a  sphiacter  vesicie 
being  relaxed  at  the  same  time,  we  have  t^  add  to  the  above 
simple  statement  the  supposition  that  the  will,  while  causing  the 
detrusor  uriua*  to  contract,  also  lessens  the  tone  of  the  sphincter, 
probably  by  inliibiting  its  centre  in  the  lumbar  cord. 

There  are  facts,  however,  which  prevent  the  acceptance  of  so 
simple  a  view.  In  the  first  place,  in  canes  of  urethral  obstruc- 
tion, where  the  bladder  cannot  be  emptied  when  it  reaches  its 
accustomed  fulness,  the  increasing  distention  sets  up  fruitless  but 
powerful  coDtraclious  of  the  vesical  walls,  contractions  which  are 
clearly  involuntary  in  nature,  which  wane  or  disappear,  and 
return  again  and  again  in  a  rhythmic  manner,  and  whir-h  may 
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be  80  strong  and  powerful  as  to  cause  great  suffering.  It  seems 
that  the  fibres  of  the  bladder,  like  all  other  muscular  fibres,  have 
their  contractions  augmented  in  proportion  as  they  arc  subjected 
to  tension.  Just  as  a  previously  quiescent  ventricle  of  a  fnjg's 
heart  may  be  excited  to  a  rhythmic  beat  by  distending  its  cavity 
with  blood,  90  the  quiescent  bladder  may,  quite  independent  of 
the  will,  be  excited,  by  the  distention  of  its  cavity,  to  a  peristaltic 
action  which  in  normal  cases  is  never  carried  beyond  a  tiret 
effort,  i«ince  with  that  the  bladder  is  emptied  and  the  stimulus  is 
romoved.  but  which  in  casos  of  obstruction  ia  enabled  clearly  to 
manifest  ite  rhythmic  nature. 

In  the  second  place,  it  haa  been  shown  that  quite  normal  mic- 
turiti'in  may  take  place  in  a  dog  in  which  the  lumbar  region  of 
the  spinal  cord  has  been  completely  and  permanently  separated 
by  section  frnni  the  dorsal  regi(tn.  In  such  a  case  there  can  be 
DO  exercise  of  volition,  and  the  whole  process  appears  as  a  reflex 
action.  When  under  these  circumstances  the  bladder  becomes 
full  (and  otherwise  apparently  the  act  fails)  and  slight  stimulus, 
such  as  sponging  the  auus  or  slight  pressure  on  the  abdominal 
walls,  causes  a  complete  act  of  micturition ;  the  bladder  is  entirely 
emptied,  and  the  stream  of  urine  towards  the  end  of  the  act 
undergoes  rhythmical  augmentations  due  to  contractions  of  the 
ejaculator  urinie.  These  facts  can  only  be  interpreted  on  the  view 
that  there  existn  in  the  lumbar  c<trd  (of  the  dog)  what  we  may 
speak  of  Jis  a  micturition  centre  capable  of  being  thrown  into 
action  by  appropriate  aflerent  impulses,  the  action  of  the  centre 
being  such  as  to  cause  a  contraction  of  the  walls  of  the  bladder 
and  of  the  ejaculator  urime.  and  jHJSsibly  at  the  same  time 
to  suspend  the  tone  of  the  sphincter  vesicae. 

Moreover,  we  have,  in  the  case  both  of  man  and  of  other 
animals,  cxpcrimentAl  and  other  evidence  that  oootraetion  of  the 
bladder  is  frequently  brought  about  by  reflex  action.  Thus  the 
pressure  within  the  bladder  when  observed  for  any  length  of  time 
18  found  to  be  subject  to  considerable  and  manifold  variations. 
Over  and  above  passive  changes  in  pressure  due  to  the  respira- 
tory movenienta,  when  the  bladder  is  pressed  upon  at  each 
descent  of  the  diaphragm,  active  contractions,  of  a  strength  in- 
adequate to  bring  about  micturition,  are  from  time  to  time 
ob»erve<i.  These  in  Botae  instjincea  appear  to  be  spontaneous,  or 
be  the  result  of  emotions,  but  they  may  be  readily  induced  in  a 
reflex  manner,  by  stimulaiiug  various  .sentient  siirlaces  or  sensory 
nerves.  And  common  experience  affitrds  many  instances  where 
vesical  contractions  thus  brought  about  in  a  reflex  manner 
acquire  strength  adequate  to  empty  tlie  bladder. 

Obwrv»tloni!  of  »o«ic»l  prewure  miiy  be  most  coiivenienlly  carried 
out  by  iutroducifig  into  the  bladd«r  acfttbet«r  oonnocted  either  with  an 
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oncoffmph,  or  (lome  other  similar  rej^istering  nppiirntus.  so  arntnged  aa 
to  allow  fluid  to  lie  driven  into  or  rccuived  fVnin  the  bladder  at  pleasure. 

iDvoluntary  micturition  obriouely  of  reflex  nature  has  fre- 
qucDtiy  l)eeu  observed  in  cases  of  pnrelyeis  from  disease  or 
injury  of  the  spinal  cord  ;  and  the  involuntary  miciurittnn 
which  is  common  in  children,  as  the  result  of  irritation  of  the 
pelvis  and  genital  organs,  and  which  aonietimea  occurs  in  the 
adult  88  the  result  of  emotions,  or  at  least  sensory  impressions, 
appears  to  be  the  result  of  reflex  action.  In  ihe^e  several  cases 
we  may  fairly  suppose  that  the  centre  in  the  lumbar  cord  is 
afiected  by  afferent  impulses  reaching  it  along  various  sensory 
nervea  or  descending  from  the  brain.  Hence,  we  are  led  to  the 
coDceptiou  that  when  we  make  water  by  a  conscious  effort  of 
the  will,  what  occurs  is  not  a  direct  action  of  the  will  on  the 
muscular  walls  of  the  bladder,  but  that  impulses  started  by 
the  will  descend  from  the  brain  after  the  fashion  of  aflerent  im- 
pulses and  thus  in  a  reflex  inauuer  throw  into  action  the  mictu- 
rition centre  in  the  lumbar  spinal  cord.  Nor  is  this  view 
negatived  by  the  fact  that  paralysis  of  the  bladder,  or  rather 
inability  to  make  water  either  voluntarily  or  in  a  reflex  niiuiner, 
is  a  c^^mmon  symptom  of  cerebral  or  spinal  disease  or  injury. 
Putting  aside  the  cases  in  which  the  reflex  act  is  not  called 
forth  because  the  appropriate  stimulus  has  not  been  applied,  the 
failure  in  micturition  under  these  circumstances  may  be  ex- 
plained by  supposing  that  the  shock  of  the  sj>inal  injury  or  some 
ezteneioD  of  toe  disease  has  rendered  the  lumbar  centre  unable 
to  act 

The  so-called  incontinence  of  urine  in  children  is  siniplv  an 
easily  excited  and  frequently  repeated  reflex  micturition.  In 
cases  of  cerebral  or  s[)iual  disease  a  form  of  iuei>nlineuce  is  fre- 
quently met  with  which  seems  to  be  of  a  tliflerent  nature.  The 
bladder  becunjing  full,  but,  owing  to  a  failure  in  the  lueohauisni 
of  voluntary  or  reflex  micturition,  being  unable  to  empty  itself 
by  a  complete  contraction,  a  continual  Jribbliug  of  urine  takes 
place  through  the  urethra,  the  fuluetn  of  the  bladder  being  eiiffi- 
cient  to  overc^mie  the  elastic  resistance  at  the  neck  of  the  urethra. 
It  is  probable,  however,  that  even  iu  these  coses  the  0uw  is  partly 
caused  by  obscure,  unfeli,  intrinsic  contractions  of  the  bladder. 


CHAPTER    Y. 

TUE  METABOLIC  THEXOMENA  OF  THE  BODY. 


• 


We  have  followe<I  the  food  through  its  changes  id  the  alimeu- 
tiiry  canal,  anil  have  seen  it  eiitt^r  tutu  the  bloud,  either  directly 
ur  by  the  intermediate  channel  (4'  the  lacteah,  in  the  form 
of  peptone  (or  otherwise  niodilled  albunjeu),  sugar  (lactic  acid), 
and  fata,  accompanie<l  by  various  salts.  We  have  further  seen 
that  the  waste  pro<luclu  which  leave  the  bo<ly  are  urea,  carbonic 
ncid,  and  salts.  We  have  now  to  attempt  to  connect  together  the 
food  and  the  waste  products ;  to  trace  out,  as  far  as  we  are  able, 
the  various  steps  by  which  the  one  is  tranafurmed  into  the  other, 
and  to  inquire  into  the  manner  in  which  the  energy  set  free  in 
this  traustbrmation  is  distributed  and  made  use  of 

The  master  tissues  of  the  body  are  the  muscular  and  nervous 
tissues;  all  the  other  tissues  may  be  regarded  as  the  servants  of 
these.  And  we  may  fairly  presume  that,  besides  the  digestive 
and  excretory  tissues  ivhich  we  have  already  studied,  many  parts 
of  the  body  are  engaged  either  in  further  elaborating  the  com- 
paratively raw  food  which  ei»ters  the  blood,  in  order  that  it  may 
be  assimilated  with  the  least  p<jssible  tabtir  by  the  master  tissues^ 
or  in  so  modifying  the  waste  products  which  arise  tVom  the 
activity  of  the  master  tissues  that  they  may  be  remove<i  from  the 
body  as  speedily  as  possible.  There  can  be  no  doubt  that  mani- 
fold intermediate  changes  of  this  kind  do  take  place  in  the  body; 
but  our  knowledge  of  the  matter  is  at  present  very  imperfect.  In 
one  or  two  instances  only  can  we  localize  these  metabolic  actions 
and  speak  of  distinct  metabolic  tissues.  In  the  majority  of  caaet 
we  can  only  trace  out  or  infer  chemical  changes,  without  being 
able  to  say  more  than  that  they  do  lake  place  somewhere;  and 
in  consequence,  perha{»s  somewhat  looeely,  speak  of  them  as 
taking  place  in  the  blood. 


Sec.  1. — Metabolic  Tissue. 


The  History  of  Glycogen, 

The  beat  known  and  most  carefully  studied  example  of  meta- 
bolic activity  is  the  formation  of  glycogen  in  the  hepatic  cells. 

Claude  Bernard,  in  studying  tfic  history  of  sugar  in  the 
economy,  was  led  to  compare  the  relative  quantitiea  of  sugar  in 
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portal  and  hepatic  veioB,  expecting  to  find  that  the  sugar 
poefiibly  diminished  during  the  passage  of  the  bk)od  through  the 
liver;  he  was  astonished  to  diflcover  that,  on  the  contrary, 
the  quantity  appeared  to  he  greatly  increased.  He  found,  and 
anyone  can  make  the  ohscrvation,  ihat  when  an  animal  living 
under  ordinary  coudiliona  is  killed,  the  hepatic  hlood  after  death 
coDtains  a  considerahie  amount  of  sugar  (grape-sugar),  even 
when  there  U  little  or  uoue  in  the  pi)rtal  hloo<i ;  moreover,  a 
eimple  aqueous  infusion  of  the  Kver  is  rich  in  sujiar.  Not  only 
80,  but  the  sugar  continues  to  be  present  in  the  liver  when 
ail  blood  has  been  washed  out  of  the  organ  by  a  stream  of  water 
driven  through  the  portal  vein,  and  goes  on  increasing  in  amount 
for  Boiue  hours  after  death.  Only  one  interpretation  of  these  facts 
is  poBsible  ;  so  far  from  the  liver  destroying  or  converting  the 
sugar  brought  to  it  by  the  portal  vein,  it  is  clearly  a  source 
of  sugar ;  the  hepatic  tissue  evidently  contains  some  substance 
capable  of  giving  rise  to  the  presence  of  sugar.  Bernard  further 
found  that  when  the  liver  was  removed  from  the  body  immedi- 
ately after  death,  and,  after  beinir  divided  into  small  pieces,  was 
thrown  into  boiling  water,  the  infusjon  or  decoction  contained 
very  little  sugar,  and  that  the  small  (juuntity  which  was  present 
did  not  increase  even  when  the  decuction  was  allowed  to  stand 
for  some  time.  The  decocli<m,  however,  was  i>eculiarly  ojmles- 
cent,  indeed  milky  in  appearance,  whereas  the  decoction  of  a 
liver  which  had  been  allowed  to  remain  exposed  to  the  warmth 
for  some  time  after  death,  before  being  boilc<l,and  witich  accord- 
ingly containeil  a  large  amount  of  sugar,  was  quite  clear.  On 
adding  saliva,  or  other  amylolytic  ferment,  to  the  opalescent, 
sugarless,  or  nearly  sugarless,  dccoctitin  and  exposing  it  to  a 
gentle  warmth  ('iS^—iO"^),  the  opalescence  disappeared ;  the  fluid 
became  clear,  and  was  then  found  to  contain  a  considerable 
quantity  of  sugar.  Here,  again,  the  explanation  was  obvious. 
The  opalescence  <»f  the  decoction  of  boiled  liver  is  duo  to  the 
presence  of  a  bmly  which  is  capable  of  being  converted  by  the 
action  of  a  ferment  into  sugar,  and  is  therefore  of  the  nature  of 
starch.  At  the  moment  of  death  the  liver  must  contain  a  con- 
siderable i^unutity  of  this  substance,  which  after  death  becomes 
gradually  converted  into  sugar,  either  through  the  action  of 
some  amylolytic  ferment  present  in  the  hepatic  cells  or  in  the 
blot)d  of  the  hepatic  vessels  nr  possibly  by  some  special  agency. 
Henc«  the  post-mortem  appearance  of  a  continually  increasing 
quantity  of  sugar.  By  precipitating  the  opalescent  decoction 
with  alcohol,  by  boiling  the  precipitate  with  alcohol  containing 
potaab.  whereby  the  pruteid  impurities  clinging  to  it  were  de- 
stroyed, and  by  removing  adherent  fats  by  ether,  Bernard  was 
able  to  obtain  this  sugar-producing  or  glycogenic  substance  in  a 
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[>ure  state  as  a  wbite  amorphous  powder,  with  a  comptjeitiou  of 
OjHioOj,  and,  therefore,  eviiiently  a  kind  of  starch.  lu  most 
striking  ditTerences  from  ordinary  starch  were  that  it  gave  a 
deep  red  and  not  a  blue  color  with  iodine,  and  that  when  dis- 
solveii  in  water  it  formed  a  milky  fluid.  He  gave  to  it  the 
name  of  glycogen. 

Since  Bernard's  discovery  glycogen  has  been  recognized  as  a 
normal  constituent,  variable  in  quantity,  of  hepatic  tissue  both 
in  vertebrate  and  invertebrate  animals.  That  it  is  present  iu 
the  hepatic  cellB,  and  not  simply  contained  in  the  hepatic  blood, 
is  shown  by  the  tiict  that  it  remains  in  the  liver  after  all  blood 
has  been  washed  out  of  that  organ.  It  has  also  been  found  in 
muscle,  of  which  indeed  it  is  almost  a  constant  constituent,  in 
the  placenta,  white  corpuscles,  testes,  brain,  and  in  other  parts 
of  the  bo(1y  ;  the  tissues  ttf  the  embryo  at  an  early  stage,  especi- 
ally before  the  liver  has  become  functionally  active,  are  particu- 
larly rich  in  it. 

We  have  some  reasons  for  thinkine  that  there  are  several 
varieties  of  glycogen,  and  that  the  glycogen  which  exists  iu 
muscle  is  not  quite  identical  with  that  which  occurs  in  the  liver. 
Indeed  there  seem  to  be  intermediate  slaj^es  between  glycogen 
and  starch  or  dextrin.  The  physiological  value  of  these  differ- 
ences has  not  yet,  however,  been  clearly  determined,  and,  with 
this  caution,  we  shall  in  the  discuaHJons  which  follow,  speak  of 
glycogen  as  a  single  substance. 

Formation  and  Uses  of  Glycogen. — The  amount  of  glycogen 
present  in  the  liver  of  au  animal  at  any  one  time  is  largely  de- 
pendent on  the  amount  and  nature  of  the  food  previously  taken. 
When  all  food  is  withheld  from  an  animal,  the  glycogen  in  the 
liver  diminishes,  rapidly  at  first,  hut  more  slowly  afterwards. 
Kven  af\er  some  days'  starvation  a  small  quantity  is  freque-ntly 
still  found,  but  iu  rabbits,  at  all  events,  the  whole  may  eventually 
disap)>ear. 

If  au  animal,  aAer  having  been  starved  until  its  liver  may  be 
assumed  to  be  free^  or  almost  free  from  glycogen,  be  fed  on  a 
diet  rich  in  carbohydrates  or  on  one  consisting  exclusively  of 
wirbohydrates,  the  liver  will  iu  a  short  time  be  found  to  contain 
n  very  large  quantity  of  glyc<igcn.  Obviously  the  presence  of 
carbohydrates  in  food  leads  to  an  accumulation  of  glycogen  in 
the  liver,  and  this  is  true  both  of  starch  and  of  dextnu,  and  of 
the  various  forms  of  sugar,  cane,  grape,  and  milk  sugar.  The 
ertect  may  be  quite  a  rapid  <ine,  f*»r  glvcogen  has  been  found  in 
the  liver  iu  considerable  »inaiiiity  within  a  few  hours  after  the 
introduction  of  sugar  into  the  alimentary  canal  of  a  starving 
miimul. 
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f  an  animal  similarly  starved,  lie  fed  on  an  exclusively  meat 
diet,  a  certain  amount  of  glycogen  ia  found  in  the  liver.  This 
appears  to  be  eBpeoinlly  the  case  with  do^  '  probably  with  other 
carnivorous  nniniultt  ulao),  and  in  bia  earlier  retieurchea  Bcrnnrd 
waa  led  to  regard  the  constant  presence  of  glycogen  in  the  livers 
of  dogs  i'e*\  on  meat,  as  an  impurtant  indication  uf  the  conversion 
within  the  body  of  uitrogcnous  into  non  nitrogenous  material. 
But  in  the  first  place,  the  quantity  of  glycogen  thus  stored  up  in 
the  liver  as  the  result  of  a  meat  diet  is  mucli  loss  than  that 
which  folh»W3  upon  a  carbohydrate  diet;  and  in  the  second  place, 
ordinary  meat,  especially  horsetleflh,  on  which  dogs  are  ordinarily 
fed,  contains  in  itself  a  certain  amount  either  of  glycx>gen  or 
some  form  of  sugar.  Moreover,  when  animals  are  fed  nut  on 
meat,  but  on  purified  proteid,  such  as  fibrin,  casein  or  albumin, 
the  quantity  of  glycogen  in  the  liver  becomes  still  smaller,  though 
according  to  most  observers  remaining  greater  than  during  starva- 
tion. We  may  infer,  therefore,  that  part  of  the  glycogen  which 
ap|)ear9  in  the  liver  after  a  meat  diet  is  really  due  to  carbohy- 
drate materials  present  in  the  meat.  Part,  however,  would 
•appear  to  be  the  result  of  the  actual  proteid  food»  and  we  have 
similar  evidence  that  gelatine  taken  as  food  leads  to  the  forma- 
tion of  some  glycogen  in  the  liver.  But  in  this  respect  these 
nitrogenous  substances  fall  very  far  short  indeed  of  carbohydrate 
material. 

With  regard  to  fate,  all  observers  are  agreed  that  these  lead 
to  no  accumulation  uf  glycogen  in  the  liver;  an  animal  fed  on 
an  excluaively  fatty  diet  has  no  more  glycogen  in  its  liver  thau 
a  starving  auimul. 

Hence  of  the  three  great  classes  of  food-stufls  the  carbohydrates 
stand  out  prominently  as  the  tiubstancea  which  taken  as  iood  lead 
to  an  accumulation  of  glycogen  in  the  liver.  As  far  as  we  kuow 
at  present^  the  glycogen  which  thus  appears  in  the  liver  as  the 
result  of  feeding  either  with  any  nf  the  various  forms  of  carbo- 
hydrates, or  with  proteida,  or  with  other  substances,  ia  of  the  same 
kind  and  presents  the  same  characters;  at  least  we  have  no 
evidence  to  the  contrary. 

The  question  natunilly  ariacH,  What  is  the  use  and  purpose  of 
this  hepatic  glycogen  ?  What  ultimately  becomes  of  the  glycogen 
thus  for  a  while  stored  up  in  the  liver? 

One  view  which  has  been  ptit  forward  is  as  follows.  We  have 
evidence,  as  we  shall  presently  leani,  that  a  great  deal  of  the  fat 
of  the  b(Kly  ia  not  taktn  as  such  in  the  food,  but  is  constructed 
anew  in  the  body  out  of  other  substances.  Both  carbohydrates 
and  proleids,  taken  in  excess  or  uudcr  certain  circumstauces, 
lead  to  an  accumulation  of  fat,  and  we  have  reason  to  believe 
that  carbohydrates  on  the  one  band  and  the  c^vrbon-holding 
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portiuua  o(  various  proteids,  niajr  by  some  procen  or  other  be 
converte*!  into  fat.  And  it  ha«  been  suggested  that  the  gly»«gen 
in  the  liver  is  a  phase  of  a  constructive  &ttT  metabolianj,  that  it 
ia  material  on  its  way  to  become  fat. 

The  positive  evidence  in  favor  of  this  view  is  very  scantr ;  it 
IS  almot^t  limited  to  the  faetA  that  fat,  sometimes  in  very  large 
quantity,  is  found  in  the  hepatic  cells,  that  while  fat  itself  taken 
aa  food  leads  to  uo  increat^e  in  the  hepatic  glycogen,  carbo- 
hydrates, which  are  especially  fattening,  are  m»t8t  active  pro- 
ducers of  glycogen,  and  that  the  fat  present  in  the  hepatic  oelb 
seems  to  be  increasefj  by  aueh  diets  as  naturally  increase  the 
glycogen  in  the  liver.  Ko  evidence  hais  been  offere*!  as  to  the 
aeveral  steps  of  the  conversion  of  glycogen  into  (at,  nor  indeed 
has  it  been  augge«te<l  what  those  steps  are.  The  view  indeed  is 
alrafiet  exclusively  baiKHl  on  (lie  supposed  proof  that  the  blood 
of  the  hepatic  vein  contain!^  during  life  no  sugar,  or  at  leaat  not 
more  than  does  the  general  bhxKi  or  even  the  blood  of  the  portal 
vein.  From  this  it  is  inferred  that  the  glycogen  in  the  liver  is 
not  lost  to  the  liver  by  becoming  converted  into  sugar  and  so 
discharged  into  the  hepatic  blood,  and  therefore  must  be  con- 
verted into  some  other  suljstance,  which  substance  is  presumably 
fat.  Bernard,  both  in  his  earlier  and  later  researches,  maintained 
that  the  blood  of  the  hepatic  vein  under  normal  conditions  is 
richer  in  augar  than  the  blood  of  the  portal  vein  or  indeed  of 
any  other  part  of  the  vaaeular  system;  this  he  regarded  as  an 
indication  that  the  liver  ia  alwaya  engaged  in  discharging  a 
certain  quantity  of  sugar  into  the  hepatic  veins;  and  his  views 
have  been  accepted  by  many  observers.  On  the  other  hand, 
others  maintain  that  the  blood  in  the  hepatic  vein,  if  care  he 
taken  to  keep  the  animal  in  a  perfectly  normal  condition,  con- 
tains no  more  sugar  than  does  the  blo<id  of  the  right  auricle  or 
of  the  portal  vein,  and  indeed  that  the  liver,  itself,  if  examined 
before  a«y  post-mortem  changes  have  had  lime  to  develop  them- 
selves, is  absolutely  free  from  sugar. 

Nnrmal  hopntic  hltvHl  was  obtained  by  Pavy*  by  means  of  Kti  ingeni- 
ous ftitbolcriiwlion.  He  inln»dupcd  ihrougb  the  iuguUr  vein,  into  the 
superior,  nnd  «o  into  the  inferior  Venn  cuva,  a  ^>ng  cnlholer,  constructed 
in  itu'li  H  rnHMnof  itiHt  he  could  at  plcaisure  pl^g  "r/***^  ^**"*  *^"^  below 
the  emhouchemenl  of  the  hopmic  voina,  and  draw  blond  exclusively  from 
the  Uttor,  or  viu  w:r$A. 


« 
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exnmination  fell  within  the  limits  of  errors  of  observation,  might 
when  multiplied  by  the  whute  quantity  of  blood,  nnd  by  the 
number  of  timea  the  blood  passed  through  the  liver  in  a  certain 
time,  reach  dimeneions  quite  suffioient  to  account  for  the  eou- 
version  into  sugar  of  the  whole  of  the  glycogen  preeeut  in  the 
liver  at  any  given  time.  }Ience  we  may  safely  conclude  that  the 
comparative  analysis  of  hepatic  and  iw.trtal  blood,  if  they  do  not 
of  themselves  prove  that  the  liver  is  either  continually  or  at 
intervals  converting  some  of  it5  glycogen  into  sugar  and  dis- 
charging this  sugar  into  the  general  syBtem,  are  at  least  not 
gnfficiently  trustworthy  to  disprove  the  possibility  of  such  a 
discharge  of  sugar  being  one  of  the  normal  functions  of  the  liver. 

We  may  therefore  regard  the  view  thiit  glycogen  is  simply  a 
stage  of  the  formation  of  fat  as  not  proved  ;  and  indeed  we  shall 
presently  see  reason  to  believe  that  fat  is  formed  elsewhere. 

Another  view  makes  use  of  the  formation  of  fat  for  the 
purposes  of  analogy  only.  Seeing  that  adipose  tissue  serves  as 
a  storehouse  of  fat  which  is  not  wanted  by  the  body  at  the 
moment,  but  may  be  wanted  preaeutiy,  the  question  readily 
presents  itself,  May  not  the  hepatic  glycogen  have  an  analo- 
gous function?  May  we  not  regard  the  presence  of  glycogen 
in  the  liver  as  in  a  large  measure  due  ^to  the  fact  that  it  is 
deposited  there  simply  as  a  store  of  carbohydrate  muterial,  being 
accumulated  whenever  amylaceous  material  is  abundant  in  the 
alimentary  canal  and  being  converted  into  sugar  and  so  drawn 
upon  by  the  body  at  large  to  meet  the  general  demands  for  carbo- 
hydrate material  during  the  intervals  when  food  is  not  l)€ing 
taken  ?  And  we  can  accept  this  view  without  being  able  to  say 
definitely  what  becomes  of  the  sugar  thus  thrown  into  the  hepatic 
blood.  Bernard  believed  that  tnis  sugar  underwent  an  imme- 
diate and  direct  oxidation,  but  we  have  already  dwelt  (p.  417) 
on  the  objections  to  such  a  view.  It  is  sufficient  for  us  at  the 
present  to  admit  that  the  sugar  is  made  uae  of  in  aome  way  or 
other. 

Now,  many  considerations  lead  us  to  believe  that  a  certain 
average  composition  is  necessary  for  that  great  internal  medium 
the  blood,  in  order  that  the  several  tissues  may  thrive  upon  it  to 
the  best  advantage,  one  element  of  tliat  compositiou  being  a 
certain  percentage  of  sugar.  It  would  apj>eiir  that  some  at  least, 
if  not  all,  of  the  tissues  are  continually  drawing  upon  the  blood 
for  sugar,  and  that  hence  a  certain  supply  ruust  be  kept  up  to 
meet  this  demand.  On  the  other  haml.an  excess  of  sugar  in  the 
blood  itaeif  would  be  injurious  to  the  tis^UL^}}.  And,  as  a  mutLer 
of  fact,  we  find  the  quantity  of  sugar  in  blood  is  small  but  con- 
stant; it  remains  about  the  same  wlieu  food  is  being  taken  as  in 
the  intervale  between  meals.  If  sugar  be  injected  into  the  jugular 
L  42* 
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vein  in  too  large  quantities  or  too  rapidly,  a  certain  quantity 
appears  in  the  urine,  indicating  an  effort  of  the  system  to  throw 
oH'  the  excarti  and  so  bring  back  the  blood  to  its  average  condi- 
tion. The  maintenance  of  such  a  constant  percentage  of  sugar 
would  obviously  be  provided  for,  or  at  IohsL  largely  assisted  by 
the  liver  acting  as  a  structure,  where  the  sugar  might  at  once 
and  without  much  labor  be  packetl  away  in  the  form  of  the  le«8 
soluble  glycogen,  at  those  timea  when,  as  during  an  amylaceous 
meal,  sugar  is  rapidly  passing  into  the  bloo<l,  and  there  is  a 
danger  of  the  blood  becoming  loaded  with  far  more  sugar  than 
is  needed  for  the  time  being;  and  it  may  be  incidentally  noted 
that  a  larger  quantity  of  sugar  may  be  injected  into  the  portal 
thau  into  the  jugular  vein  without  any  reappearing  in  the  urine, 
apparently  because  a  large  ptjrtion  of  it  is  in  such  a  case  retained 
in  the  liver  as  glycogen.  When,  on  the  other  hand,  sugar  ceasee 
to  pass  into  the  bloi>d  from  the  alimentary  canal,  we  may  suppose 
that  the  average  percentage  in  the  blood  is  maintained  by  the 
glycogen  previously  stored  up  bec<»ming  reconverted  into  sugar, 
and  slowly  discharged  into  the  hepatic  olood. 

Moreover,  this  view,  that  the  glycogen  of  the  liver  is  a  reserve 
fund  of  carbohydrate  material,  is  strongly  support€<l  by  the 
aualogy  of  the  migration  of  starch  in  the  vegetable  kingdom. 
We  know  that  the  starch  of  the  leaves  of  a  plant,  whether  itself 
having  previously  passed  through  a  glucose  stage  or  not,  is  nor* 
mally  converted  into  sugar,  and  carried  ditwn  to  the  roots  or  other 
parts,  where  it  frequently  bocoDies  once  more  changed  back  again 
int^)  starch. 

A  similar  argument  may  be  drawn  from  the  relations  of  gly- 
cogen to  muscle  ;  that  is  to  say,  the  glycogen  in  the  munde  may 
be  regunled  as  a  subsidiary  store  of  carbohydrate  material  laid 
up  for  the  private  use,  so  to  speak,  of  the  muscle.  So  frequently 
is  glycogen  found  in  muscle,  that  it  may  be  rcganled  as  an  ordi- 
nary though  not  an  invariable  constituent  of  that  tissue ;  indeed, 
it  may  alnioet  be  considered  as  a  constituent  of  all  contractile 
tiiuues.  The  quantity  varies  very  largely  both  in  the  different 
muscles  of  the  same  animal  aud  in  corresponding  muscles  of  dif- 
ferent animals.  It  di3ap[>enr8  readily  upm  starvation,  even 
before  the  hepatic  glycogen  is  exhausted  ;  at  lesfst  this  is  the  case 
with  most  muscled.  It  is  said  to  be  increased  in  quantity  when 
the  nerve  of  the  muscle  is  divided,  and  the  muscle  thus  brought 
into  a  state  of  quiescence.  On  the  other  hand,  it  diminishes  or 
even  disap[K^rs  when  the  muscle  enters  into  rigor  mortis.  Some 
have  maintained  that  it  diminishes  during  tetanus,  hut  this  ap- 
pears doubtful;  and  certainty  muscles  may  he  fully  alive  and 
c<mtractile  from  which  glycogen  is  wholly  absent.  From  this  we 
may  infer,  not  that  glycogen  is  a  necessary  chemical  factor  of 
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rauenular  metabolisra,  but  that  it  can  furnish  raaterialfl  for  that 
meuiboIiBin.  and  hence  i?*  store<i  up  in  the  muscle  »*»  ae  to  be  ready 
at  hand  for  use. 

Accepting,  then,  the  view  that  the  hepatic  glycogen  is  simply 
etore  glycogen,  waiting  to  be  converted  into  su^r  little  by  little 
as  tho  needs  of  the  economy  dcnmud,  and  not  glycogen  on  its  way 
to  take  part,  through  the  agency  of  the  hepatic  protoplasm,  in 
the  formation  of  Bome  more  complex  compound,  such  aa  fat.  wo 
have  next  to  deal  with  the  question,  What  is  the  exact  origin  of 
the  he[)Utic  glycogen  ?  By  what  Hte|>8  Ih  it  formed  and  what  are 
its  immediate  antecedents?  We  have  already  seen  that  the 
presence  of  glycogen  in  the  liver  is  especially  favored  by  a  car- 
Dohydralc  diet.  Ifence,  if  the  use  of  the  glyc(»gen  be  such  as 
we  have  supposed,  it  seems  only  reasonablo  to  conclude  that  the 
glycogen  which  makes  its  appearance  in  the  liver  after  an  amy- 
laceous meal  arises  from  a  direct  conversion  of  the  sugar  carried 
tu  the  liver  by  the  portal  vein,  the  sugar  becoming  through  some 
action  of  the  hepatic  protoplasm  denydrated  into  starch,  by  a 
process  the  reven^  of  that  by  which  in  the  alimentary  canal 
starch  is  hydrated  into  sugar  through  the  action  of  the  salivary 
and  pancreatic  ferments.  Vegetable  protoplasm  can  undoubtnily 
convert  both  starch  into  sugar  and  sugar  into  ytarch  ;  and  there 
are  no  a  priori  arguments  or  positive  facts  which  would  lead  us 
to  suppose  that  the  activity  of  auljiml  protoplasm  cannot  accom- 
plish the  latter  as  well  as  the  former  of  these  changes.  Again, 
as  we  have  incideutally  mentioned,  sugar  injected  into  the  jugular 
vein  readily  gives  rise  to  sugar  in  the  urine ;  but  a  very  con- 
siderable quantity  can  be  slowly  injected  into  the  portal  vein 
without  any  appearing  in  the  urine.  This  suggests  the  idea 
that  the  liver,  so  to  speak,  catches  the  sugar  as  it  is  passing 
through  the  hepatic  capillaries,  and  at  once  dehydrates  it  intu 
glycogen. 

Ui>on  each  a  view,  the  carbohydrate  taken  as  foofl  would  be 
converted  iu  glycogen  by  the  agency  of  the  hepatic  cell,  without 
at  any  time  becoming  au  integral  part  of  the  protoplasm  of  the 
cell.  Suuh  a  view  may  be  the  true  one;  but  it  is  open  for  us  to 
look  at  the  matter  in  another  light.  We  may  conceive  of  the 
hepatic  cells  as  being  continually  engaged  in  giving  rise  to  car- 
bohydrate material,  in  the  form  either  of  sugar  or  of  some  other 
body,  as  a  product  of  the  metabolism  of  their  own  protoplasm  ; 
and  we  may  suppose  that  under  certain  circumstances,  as  in  the 
absejice  of  adequate  food,  the  carbohydrate  material  thus  formed 
is  at  once  discharged  into  the  hepatic  bitwd,  for  the  general  use 
nf  the  body,  but  that  under  other  circumstanrcs  as  when  an 
amylaceous  meal  has  been  taken,  the  immediate  wants  of  the 
ocoDomy  being  covered  by  the  carbohydrates  of  the  meal,  the 
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carbohydrate  pro<lucU  of  the  hepatic  metAboIism  are  stored  up 
as  glycogen.  Tuder  such  a  view  the  sugar  of  the  meal  is  used 
up  sfjmewhere  in  the  body  and  tho  glycogen  to  which  it  gives 
nse  comes  direct  from  the  hepatic  protoplasm.  An  argument 
agaiusl  such  a  view  is  afforded  by  the  behavior  of  the  substance 
glycerine.  This  substance  when  taken  into  the  alimentary  canal, 
or  when  injected  into  the  portal  vein,  gives  rise  to  an  increase  of 
glycogen  in  the  liver,  hut  when  it  is  injected  into  the  general 
venous  system  no  such  increase  is  observed.  But  if  the  formation 
of  glycogen  were  due  to  the  glycerine  covering  in  some  way  or 
other  the  carbohydrate  expenditure  of  the  body  and  thus  sparing 
the  pro<lucte  of  liefmtic  metabolism,  we  should  expect  to  tind  an 
increase  of  glyaigeu  iu  the  latter  case  as  well  as  in  the  two 
former  cases.  From  this  not  taking  place,  we  infer  that  glycerine 
gives  rise  to  glycogen  by  being  in  84>nie  way  or  other  transformed 
into  glycogen  by  the  agency  of  the  hepatic  cell,  or  at  all  events 
by  the  glycerine  producing  changes  in  the  hepatic  cell.  And 
the  small  quantity  of  glycogen  which  results  from  proteid  food 
is  probably  iu  a  similar  way  the  product  of  the  direct  action  of 
the  proteid  on  the  hepatic  protoplasm.  From  these  and  similar 
cases  we  may  conclude  that  sugar  also  and  the  other  carbohy- 
drates give  rise  to  glycogen,  not  by  covering  the  genera!  carbo- 
hydrate expenditure,  but  hy  producing  changes  iu  the  liver 
itself  liuw  far  the  sugar  reaching  the  hepatic  cell  by  the  portal 
capillaricH  enters  into  the  upwanl  and  downward  series  of  the 
pr'jtoplasm  of  the  cell,  whether  it  is  actually  built  up  into  the 
protoplasm  before  ita  elements  reapf>ear  in  the  course  of  the 
destructive  metabolism  of  the  complex  protoplasm  as  glycogen, 
formed  su  to  speak  afresh,  or  whether  the  protoplasm  simplv 
deby<(rates  the  sugar  as  we  just  now  suggetited,  while  it  is  still 
outtfide  itself,  we  have  not  at  present  sufficient  evidence  to  decide. 
Though  the  former  method  seems  to  entail  an  unnecessary  labor, 
there  rany  be  reasons  why  it  should  be  adopted. 

We  have  said  that  glycogen  is  readily  converted  by  ferments 
into  sugar,  and  that,  at^r  death,  a  conversion  into  sugar  goes  on 
in  most  cases  with  considerable  rapidity  and  energy.  An  amy- 
lolytic  ferment  may  be  extracted  from  the  hepatic  tissue  and  it 
seems  probable  that  the  post-mortem  appearance  of  sugar  iu  the 
liver  is  duo  to  the  uncontrolled  action  of  such  a  ferment.  If 
this  be  the  case,  the  question  may  be  asked,  How  is  it  posrible 
for  the  glycogen  Uj  remain  as  glycogen  and  become  atornj  up  in 
larger  quantities  in  the  presence  of  such  a  ferment?  We  can 
ouly  answer  that  the  solution  of  this  problem  is  of  the  same  kind 

Uiat  of  till*  problems,  why  blood  does  not  clot  iu  the  liviog 
ivesseJg,  why  the  living  muscle  does  not  become  rigid,  ana 

\j  the  living  stomach  or  pancreas  doM  not  digest  itself.     It 
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might  be  aHtled,  hearing  in  mind  the  history  of  the  fibrin  ferment, 
that  even  admitting  the  presence  of  an  nniylolytic  ferment  after^ 
death,  we  have  no  iiroof  that  Buch  a  ferment  exists  in  the  hepatic 
cells  during  life.  It  i»  possible  that  the  ferment  which  can  be  ex- 
tracted after  death  only  makes  ita  appeanuu^  a»  the  result  of 
poet-mortem  changes  which  have  taken  place  in  the  protoplasm 
of  the  hepatic  cells.  Moreover  it  is  stated  that  the  sugar  which 
make^  its  appearance  in  the  liver  is  dextrose,  whereas  the  sugar 
into  which  glycogen  is  convert€<l  by  the  ordinary  amylolyti 
fermenta  of  saliva  and  pancreatic  juice,  is,  as  in  the  case  of 
starch,  largely  maltose.  This  would  indicate  that  the  converpion 
which  takes  place  in  the  liver  is  of  a  peculiar  nature  ;  but  (he 
matter  requires  further  investigation. 

Diabetes. — -Natural  diabetes  is  a  disease  characterized  by  the 
appearance  of  a  large  ^uautity  of  sugar  in  the  urine.  Into  the 
pathology  of  the  various  forms  of  this  disease  it  is  impossible  to 
enter  here  ;  but  a  temporary  diabetes,  the  appearance  for  a  while 
of  a  large  (juanlity  of  sugar  in  the  urine,  may  be  artificially 
produced  in  animals  in  Bcveral  ways.  If  the  medulla  nblangata 
of  a  well-fed  rubbit  hi?  punctured  in  the  region  which  we  have 
previously  dosorihed  (Fig.  159)  Cp.  259)  as  that  of  the  vaso-motor 


Tu  ftbow  titr  ptMlHoti  »f  Ui(*  paitctiirei  ro^ulrml  to  iirmltu-o  1^3-ivmirlu,  Ute  lolwe  uf  Uw  t-nrv' 
MliiDi  lire  «oi>unit«'l ;  Mow  «n>w<<>ik  tin-  f<-«1ifi>i'ni  Urtlkf,  IW  .llvtTjtfnt'*- uf  wliioli  driiini- 
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iliiTM  glyoMiinik,  thv  iniuctni«  /■  glycottirla  with  iH>1yuri&.  abiI  a  puiictup}  *  Htdc  hltcher  np 
tluuiji,  nllMiiuliiiiriji.] 

centre  (the  area  marked  out  as  the  "diabetic  area"  agreeing 
very  closely  with  that  defined  as  the  vaso-motor  area),  though 
the  auimal  need  not  necciisanly  be  in  any  other  way  obviously 
affected  by  the  o[>eratioD,  its  urine  will  be  found,  in  an  hour  or 
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even  less,  to  be  increased  in  amount  and  to  contain  a  coneider- 
able  quantity  of  sugar.  A  little  later  the  quantity  of  sugar 
will  have  reached  a  maximum,  after  wliieh  it  declines,  and  in  a 
day  or  two,  or  even  leds,  the  urine  will  be  again  perfectly  normal. 
The  better  fed  the  animal,  or,  more  exactly,  the  richer  in  glycogen 
the  liver  at  the  time  of  the  operation,  the  greater  the  amount  of 
BUgar.  If  the  animal  be  previouitly  tstarved  so  that  the  liver 
contains  little  or  no  glycogen,  the  urine  will  after  the  operation 
contain  little  of  no  sugar.  It  is  clear  that  the  urinary  sugar  of 
this  form  of  artificial  diabetes  comes  from  the  glycogen  of  the 
liver.  The  puncture  of  the  medulla  causes  such  a  change  in  the 
liver  that  the  previously  stored-up  glycogen  disappears,  and  the 
blood  becomes  loaded  with  sugar,  much  if  not  all  of  which 
passcfi  away  by  the  urine.  lu  the  absence  of  any  proof  to  the 
contrary,  we  may  assume  that  in  this  form  of  artiticial  diabetes 
the  glycogen  previously  present  in  the  liver  becomes  converted 
into  sugar,  just  as  we  know  that  it  does  become  so  converted  by 
post-mortem  chungea.  The  glycogenic  function  of  the  liver  is, 
therefore  subject  to  the  iuHueiice  of  the  nervous  system,  and  in 
particular  to  the  influence  of  a  region  of  cerebro-apinal  centre 
which  we  already  know  as  the  vaso-motor  centre,  or  at  least  of  a 
part  of  that  region.  The  path  of  the  influence  may  be  traced 
along  the  cervical  spinal  cord  (and  not  along  the  vagi,  though 
the  roots  of  tbeoe  nerves  lie  so  close  to  the  diabetic  spot),  as  far 
down  as  (in  rabbits)  the  level  of  the  thin!  or  fourth  dorsal  ver- 
tebra, or  even  a  little  lower,  from  the  spinal  cord  to  the  first 
thoracic  ganglion,  and  thence  to  the  liver  by  some  channel 
or  channels  at  present  undetermined.  We  cannot  at  present 
define  clearly  the  nature  of  that  influence.  We  cannot  say 
whether  the  temporary  diabetes  is  a  simple  efTect  of  a  dilatation 
of  the  hepatic  arteries  which  accompanies  the  diabetic  puncture 
or  of  some  direct  action  of  the  nerves  on  the  metabolic  activity 
of  the  hepatic  protoplasm,  though  the  latter  view  seems  the  more 
probable  one. 

Artificial  diabetes  is  also  a  prrtminent  symptom  of  urari  poison- 
ing. Thin  is  not  duo  to  the  artiticial  respiration,  which  is  had 
recourse  to  in  order  to  keep  the  urariii^d  animals  alive;  because, 
though  disturbance  of  the  re^tpiratory  functions  suflicient  to  in- 
terfere with  the  hepatic  circulation  may  produce  suirar  in  the 
urine,  artificial  respiration  may  with  care  be  carried  on  without 
any  sugar  making  its  apfienrance.  Moreover,  urari  causes 
diabetes  in  frog.^,  although  in  these  animals  respiratitui  can 
lie  satisfactorily  cnrried  <m  without  any  pulmonary  respiratory 
movementa.  The  exact  way  in  which  this  form  of  diabetea 
is  brought  about  has  not  yet  been  clearly  made  out. 

A  very  similar  diabet^  is  seen  in  carbonic  oxide  poisoDing ; 
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and  is  one  of  tbe  resulbt  of  a  Bufficient  doee  of  morphia  or  of 
amyl  nitrite. 

There  can  be  no  doubt  that  in  diabetes,  arising  from  whatever 
cause,  the  sugar  appears  in  the  urine  because  the  blood  contains 
more  sugar  than  usual.  The  system  can  only  dispose  (either  by 
oxidation,  or  as  sccnjs  more  probable  in  other  ways)  of  a  certain 
quantity  of  sugar  in  a  certain  time.  .Sugar  injected  into  the 
jugular  vein  reHp[>ear8  in  the  urine,  wheuuver  the  injection 
becomes  8<)  rapid  that  the  percentage  of  sugar  in  the  blood 
reaches  a  certain  (low)  Jimit.  Sugar  in  the  uriue  means  an 
excess  of  sugar  in  the  blood.  How  in  natural  diabetes  that  ex- 
cess arises,  has  nut  at  present  been  clearly  n]a<le  out.  It  may  be 
that  some  forms  uf  diabetes  resemble  tbe  artilicial  diabetes  just 
described  as  resulting  from  puncture  of  the  medulla,  and  arise 
from  a  too  rapid  conversion  of  the  hepatic  glycogen  or  from  car- 
bohydrate material  failing  to  be  stored  up  as  glycogen.  All 
forms  of  diabetes,  however,  cannot  be  satisfactorily  explained  in 
this  wity  ;  ami  it  has  been  suggested,  though  adeouate  proof  hm* 
not  yet  been  supplied,  that  the  sugar  of  diabetes  is  of  a  peculiar 
nature  and  accumulates  in  the  bloml  because  it  \»  unable  to 
undergo  those  changes,  whatever  they  be,  which  befall  the 
normal  sugar  of  the  blood.  We  must  not  pursue  the  subject  any 
further;  but  there  is  much  to  be  saiti  in  favor  of  the  view  that 
the  sources  of  the  excess  of  sugar  in  the  blood  may  be  various, 
and,  henct%  that  several  dietinct  varieties  of  diabetes  may  exist. 
In  one  among  many  points,  the  clinical  history  of  diabetes 
throws  light  on  the  possible  sources  of  glycogen.  While  in 
many,  especially  of  the  less  severe  cases  of  dialwtea,  withdrawal 
of  all  amylaceous  food  is  followed  by  a  disappearance  of  sugar 
from  the  urine,  in  many  instances  the  sugar  continues  to  be  dis- 
charged even  though  the  diet  be  perfectly  free  from  carbohy- 
drates; and  in  many  other  eases  the  sugar  in  the  urine  is  far  in 
excessof  the  quantity  which  might  be  derived  from  the  food.  In 
these  cases  the  sugar  must  have  some  non-amylaceous  source; 
from  this  we  infer  that  glycogen  also  may  have  a  similar  origin. 
And  the  fact  that  the  urea  is  increased  'and  that  too  in  some 
cases  tu  ratio  with  the  sugar)  in  diabetes,  suggests  that  the  sugar 
may  arise  from  proteids  which  have  been  split  up  into  a  nitro- 
.genous  (urea)  and  anon-nitrogenous  moiety,  aud  so  points  out 
the  way  in  which  proteids  may  be  a  source  of  glycogen. 

As  a  sort  of  converse  of  diabetes,  we  may  mention  that  the  ad- 
ministration of  arsenic  in  sufficient  d<>ses  for  an  adequate 
time  prevents  an  accumulation  of  glycogen  in  the  liver  and 
apparently  in  the  body  generally,  whatever  be  the  diet  use<l. 
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The  HiMory  of  Fat,     Adipose  Tissues. 

Of  all  the  tiHsuea  of  the  body,  adipuee  i'xsauc  ia  Lhe  Diost  fluctu- 
ating iu  bulk  ;  within  a  very  snort  space  uf  time  a  large  amount 
of  adipose  tissue  may  disappear,  and  within  an  almc«t  equally 
short  time  the  quantity  present  in  the  body  may  be  aevcral 
times  multiplied.  Histological  inquiries  teach  us  that  when  an 
animal  is  fattening  the  niinule  dro[>a  or  specks  of  fat  normally 
present  in  certain  connective  tissue  corpuscles  (either  of  a  special 
kind,  or  certain  iudividuals  of  the  ordinary  kind)  are  seen  to 
increase  in  number,  the  protoplasm  enlarging  at  the  flame  time. 
As  these  siH^cks  increase  thoy  coalesce  into  drops,  which  by 
milar  coalcsceucc  form  l«r;;er  dro]M»,  until  the  pri)to|)la«m  first 

asing  to  increase  and  then  diruinishiug,  the  original  connective- 
tissue  corpuscle  is  traii^^lonned  into  a  fat-cell,  with  a  remiiant 
only  of  protoplasm  gailierod  about  the  nucleus  and  forming  an 
irai)erfect  envelope  round  the  enlarged  contents.  When,  on  the 
contrary,  an  aiiinml  is  fasting,  the  fat  seems  in  some  way  or  other 
to  escape  from  the  cell,  M-hich  it  may  leave  as  a  bag  either  filled 
with  serous  fluid  or  empty  and  collapsed  around  the  nucleus. 
These  facts  point  to  the  conclunion  that  the  fat  of  adipose  tissue 
is  not  simply  aud  mechanically  collected  in  the  cell,  but  is  formed 
by  the  active  agency  of  the  cell,  being  apparently  the  result  of  a 
breaking  up  of  the  protoplasm  ;  when  formed,  however,  it  appears 
to  be  discharged  I'rom  the  cell  in  a  more  or  less  mechanical 
manner,  as  the  needs  of  the  economy  demand.  And  this  view  is 
8iJp[K)rted  by  the  lad  tlint  proUiplasni,  wherever  occurring,  both 
during  life  and  afler  death  (when  it  could  not  jK^ssibly  be 
aupplied  with  fat  from  without),  is  subject  to  fatty  degeneration, 
in  which  the  fat  evidently  arises,  in  large  part  at  least,  from  the 
breaking  up  of  proleid  compounds. 

On  the  other  hand,  we  have  traced  the  fats  taken  as  food,  and 
found  that  they  puPs  with  comparatively  Hltle  change  from  the 
alimentary  canal,  fliieily  thruiigli  the  intermediate  passage  of  the 
lucteals.  into  the  blood.  We  might  infer  from  this  that  an  exceee 
of  fut  thus  eulering  the  blood  would  naturally  be  simply  stored 
up  in  the  available  adipose  tissue,  without  any  further  change, 
the  connective-tissue  corpuscles  eating  the  fat  brought  to  them 
ailer  the  fashion  of  an  amcrba  but  not  digesting  it,  simply 
keeping  it  iu  store  till  it  was  wanted  elsewhere. 

Which  of  these  views  is  the  true  one,  or  how  far  are  both  these 
operations  carried  on  in  the  animal  body?  In  the  first  place,  it 
is  evitleiit  that  in  an  animal  fattened  on  ordinary  fattening  food, 
only  a  small  fraction  uf  the  fat  stored  up  iu  the  body  can  possibly 
come  direct  from  the  fat  of  the  food.     Long  ago,  in  opposition 


FAT 


to  the  views  of  Dumaa  and  his  school,  who  taught  that  all  con- 
Btructtun  of  organic  niateriaj,  that  all  actual  uiauufaoture  of 
protiiplaeni  or  even  of  its  organic  constituents,  was  confined  to 
vegetables  and  uukuowii  in  animals.  Liebig  showed  that  the 
butter  present  in  the  milk  of  a  cow  was  much  greater  than  could 
be  accounted  for  hy  the  scanty  fat  present  in  the  grass  or  other 
fodder  she  consumed.  He  also  iirgetl,  a.s  an  argument  in  the 
same  direction,  thai  the  wax  produced  by  bees  is  out  of  all  pro- 
portion to  the  fat  containe<i  in  their  foud,  consisting  as  this  aoea 
chiefly  of  sugar.  And  Lawes  and  Gilbert  have  shown  by  direct 
analysis  that  for  every  100  part8  of  fnl  in  the  food  of  a  fattening 
pig,  472  parts  were  stored  up  as  fat  during  the  fattening  period. 
It  ie  clear  that  fat  is  formed  in  the  body  out  of  something  which 
is  not  fat. 

There  are  two  poesible  sources  of  this  manufactured  fat.  In 
treating  of  digestion  (p.  360),  we  referred  to  the  possibility  of 
digested  carbohydrates  l>ecomiug  by  fermentation  converted  into 
butyric  acid  ;  and  we  may  imagme  that  when  a  member  of  the 
fatty  acid  series  had  thus  been  formed,  higher  and  more  complex 
memt>ers  of  the  same  series  might  be  obtained  out  of  it.  There 
can  be  no  doubt  indeed  that  a  carbohydrate  diet  is  mt:»at  eftica- 
cious  in  producing  an  accumulation  of  fat  in  the  body  :  sugar  or 
starch,  in  some  form  or  other,  is  always  a  large  constituent  of 
ordinary  fattening  foods. 

Another  source  of  fat  is  to  be  found  in  the  proteids.  We  have 
seen  that  the  urea  of  the  urine  practically  represents  the  whole 
of  the  nitrogen  which  passes  through  the  body.  Now  in  any 
given  4uautity  of  urea  tiie  amount  of  carbon  is  far  less  than  that 
found  in  the  quantity  of  proteid  containing  the  same  amount  of 
nitrogen.  Thus  the  percentage  compu«ition  of  the  two  being 
re8|)ectively, 
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100  grammes  of  urea  contain  about  a^  much  nitrogen  as  300 
grammesof  proteid  ;  hut  the  300  grammes  of  proteid  contain  139 
grammes  (159 — 20)  more  carbon  than  do  the  100  grammes  urea. 
Hence  the  300  grammes  of  proteid  in  pat^sing  thnmgh  the  body 
and  giving  riae  to  lOO  grar^mes  of  urea,  would  leave  Ijehind  139 
grammes  of  carbon,  in  some  combination  or  other;  and  this 
surplus  of  carbon,  if  the  needs  of  the  economy  did  not  tiemand 
that  it  should  be  immediately  converted  into  carbonic  acid  and 
thrown  off  from  the  body,  might  be  depositefl  somewhere  in  the 
form  of  fat.  We  have  already  seen,  in  treating  of  the  action  of 
the  pancreatic  juice  (p.  308),  that  there  is  evidence  of  a  fatty 
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Since  milk  is  a  secretion,  and  indeed  an  excretion,  the  raam- 
mary  gland  ought  not  to  be  classed  aa  a  metabolic  tissue,  in  the 
limiteil  meaning  we  are  now  attaching  to  those  wordR.  Yet  the 
metabolic  phenomena  giving  rise  to  the  secretion  of  milk  are  so 
marked  and  dL-^tiuct,  and  have  eo  many  analogies  with  the  purely 
metabolic  events  in  adipose  tissue,  that  it  will  be  more  con- 
venient to  consider  the  matter  here,  rather  than  in  any  other 
connection. 

Human  milk  has  a  specific  gravity  of  from  1.028  to  1.034,  and 
when  quite  fresh  possesses  a  slightly  alkaline  reaction.  It  speedily 
becomes  acid,  and  cow's  milk,  even  when  quite  fresh,  is  sometimes 
slightly  acid,  the  change  of  reaction  taking  place  during  the 
stagnation  of  the  milk  in  the  mammary  ducts. 

The  constituents  of  milk  are : 

1.  Proteids,  viz.,  casein,'  and  an  albumin,  agreeing  in  its 
general  features  with  ordinary  Bcrum-albumin.  The  casein  may 
be  separated  by  curdling  with  rennet  (p.  207);  it  may  also  be 
thrown  down  by  the  careful  addition  of  acetic  acid,  but  a  more 
complete  precipitation  is  effected  by  first  adding  to  the  milk  a 
slightquantityof  acetic  acid,  and  then  passing  through  it  a  stream 
of  carbonic  acid.  From  the  filtrate  the  seninvalbun)in,  which  is 
present  in  small  and  variable  quantitieif,  may  be  obtained  by 
coagulation  with  heat,  or  by  precipitation  with  potaaaium  ferro- 
cyanide,  etc. 

2.  Fate.  These  are,  in  human  milk,  palmitin,  stearin,  and 
olein.  But  other  fatg  are  alstt  present  in  small  quantities;  and 
the  composition  of  the  fats  of  milk  dififera  in  different  animals. 

'^,  Milk-sugar,  the  conversion  of  which  into  lactic  acid  gives 
rise  to  many  of  the  features  of  milk, 

4.  Extractives,  including,  according  to  gome  observers,  urea 
and  salts.  The  last  con.^ists  chiefly  of  potassium  phosphate,  with 
calcium  phosphate,  potassium  chloride,  small  quantities  of  mag- 
nesium phosphate,  and  traces  of  iron. 

The  following  is  the  composition  of  1000  parts  of 
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Milk  is  au  einuUion,  the  fats  existing  In  the  form  of  globules 
of  various  but  minute  size,  each  protected  by  a  thin  enve]o|)e  of 

I  Or,  i(  wo  r«»lrt(it  tho  word  OMein  to  tb«  iiub«Una«  wblcli  appvart  la  a  Mild 
forio  io  ourdiiflc,  or  «Uiob  tauj  bt  pr«eip\U(e4  bj  add»,  in  ant«o»d«nl  of  oaMtn. 
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caseiu  or  albuiuiii.  It  is  this  condition  of  the  fut  which  givee  iO\ 
milk  itB  peculiar  white  color.  The  coloetrum  CFig.  161  l,or  secr^ 
tioD  of  the  mammitry  glaud  at  the  begiuuiug  ut'  luctatioD,  diflera 
from  milk  in  being  very  deficient  in  casein  and  proportionately 
rich  in  albumin.  It  is  said  that  the  milk  at  the  end  of  a  long 
lactation  again  becomes  poor  in  casein  and  rich  in  albumin. 


?0  o*^' 
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fif  Haaian  Milk.  wiUi  nn  iiitmuiixruru  of  OoloArtc  0>rpuHlM.) 

Milk,  on  standing,  turns  sour  and  curdles.  This  is  generally  due 
to  the  milk-sugar  becoming  converted  by  a  fermentative  process 
into  lactic  acid,  which,  in  turn,  precipitates  the  casein.  Curdling 
may,  however,  aa  we  have  already  seen  (p.  297)  take  place  by 
the  action  of  rennet  ferment  quite  independently  of  the  produc- 
tion of  any  acid. 

Milk,  like  the  other  secretions  which  we  have  studied,  is  the 
result  of  the  activity  of  certain  protoplasmic  secreting  cells  form- 
ing the  epithelium  of  the  mammary  gland.  As  far  as  the  fat  of 
milk  is  concerned,  the  processes  taking  place  in  the  gland  are 
very  instructive,  since  Ine  fat  can  be  Been  to  be  gathered  in  the 
epithelium-cell,  in  the  same  way  as  in  a  faVcell  of  the  adipose 
tissue,  and  U>  be  discharged  into  the  channels  of  the  gland,  either 
by  breaking  away  from  the  cell,  or  by  a  contractile  extrusion 
very  similar  to  that  which  takes  place  when  an  amoeba  ejects  ite 
digested  food.  All  the  evidence  we  possess  goes  to  prove  that 
the  fat  is  formed  in  the  cell  through  a  metabolism  of  the  proto- 
plasm. The  microscopic  history  is  thoroughly  supported  by  other 
facta.  Thus  the  quantity  of  fat  present  in  milk  is  largely  and 
directly  increased  by  proteid,  but  not  increased,  on  the  contrary 
diminished,  by  fatty  food.     This  is  quite  intelligible  when  viti. 
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know,  as  will  be  shown  in  a  succeeding  section,  that  proteid  food 
increases,  and  fattjr  food  diminishes,  the  metaboliHro  nf  the  body  ; 
and  we  have  already  di^cu^sed  the  manner  in  whic-h  proteid 
material  may  give  rise  to  fat.  A  bitch  fed  on  meat  for  a  given 
perioil  gave  of)' more  fat  iu  her  milk  than  she  could  {>oesibly  have 
taken  in  her  food,  and  that  too  while  she  was  gaining  in  weight, 
so  that  8he  could  not  have  supplied  the  mainmary  gland  with  ikt 
at  the  expense  of  fat  previously  existing  iu  her  body ;  she  ap- 

Earently  obtained  it  ultimately  from  the  proteids  of  her  food. 
a  the  "  ripening  "  of  cheese  we  have  a  similar  conver«on  of 
proteids  into  fat.  though  thi6mp{>ear8  to  be  effected  by  the  agency 
of  certain  hingi.  We  have  also  indications  that  the  casein  is, 
like  fat,  formed  in  the  cells  of  the  gland,  and  not  simply  separated 
from  the  blood.  When  the  action  of  the  cell  ia  imperfect,  as  at 
the  beginning  or  end  of  lactation,  the  albumin  in  milk  is  in 
excess  of  the  casein ;  but  as  long  as  the  cell  possesses  its  proper 
activity  tlie  formatiou  of  casern  becomes  prominent  NVhen 
milk  is  kept  at  35*^  C.  out  of  the  body  the  casein  is  said  to  be 
increased  at  the  expense  of  the  albumin,  but  the  subi^tauce  thus 
formed  nut  of  albumin  is  probably  not  real  casein  but  ordiuar? 
alkali-albumin,  produced  by  the  action  of  the  alkalies  of  the  milk 
on  the  albumin.  It  has  been  suggested  that  the  casein  may  be 
formed  by  a  splitting  up  of  albumin  by  some  fermentative  pro- 
cess, and  ft  ferment  capable  of  effecliug  this  is  said  t*>  have  been 
isolated.  That  the  milk-pugar  also  is  formed  in  and  bv  the  pro- 
toplasm of  the  cell,  is  indicated  by  the  facts  that  it  is  found  in 
no  other  part  of  the  body,  and  that  its  presence  in  milk  is  not 
dependent  un  carbohydrate  food,  for  it  is  maintained  in  abund- 
ance  in  the  milk  of  ciiruivora  when  these  are  fed  exclusively  on 
meat,  as  free  as  possible  from  any  kind  of  sugar  or  glycogen. 
We  thus  have  evidence  in  the  mammary  gland  of  the  formation, 
by  the  direct  metalwlic  activity  of  the  secreting  cell,  of  the  rep- 
resentatives of  the  three  great  classes  of  food-stufis,  proteids,  bts 
and  carbohydrates,  out  of  the  comprehensive  substance  proto- 
plasm. And  what  we  ace  talking  place  in  the  mammary  cell  is 
probably  a  jjictureof  what  is  going  on  in  all  protoplasmic  bodies. 
If  the  fat  of  the  milk  were  not  ejected  from  the  mammary  cell, 
the  mammary  gland  would  become  a  mass  of  adi}>oee  tissue, 
especially  if.  by  a  flight  chango  in  the  metabolism,  the  produc- 
tion of  fat  were  exalted  at  the  expense  of  the  production  of 
casein  or  milk-sugar.  If,  again,  by  a  similar  slight  change  the 
milk-sugar  were  accumulated  rather  than  the  fat  or  proteid,  we 
ve  a  result  which,  by  an  easy  step  would  bring  us  to 
tissue.  And,  lastly,  if  the  proteid  accumulation  were 
in  an  the  fatty,  or  the  saccharine,  tbeee  being  carried  off 
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in  some  way  or  other^  we  should  have  an  image  of  the  nutrition 
of  an  ordinary  nitrogenous  tissue. 

That  both  the  secretion  and  ejection  of  milk  are  under  the 
control  of  the  nervous  system  is  shown  by  common  experience^ 
but  the  exact  nervous  mechanism  has  not  yet  been  fully  worked  i 
out.  While  erection  of  the  nipple  ceases  when  the  spinal  nerves 
which  supply  the  breast  are  divided,  the  secretion  continues,  and 
is  not  arrested  even  when  the  sympathetic  as  well  as  the  spinal 
nervoa  are  cut. 

[The  fact  that  oiuny  medicines  are  eli  in  in  at  eel  in  part,  by  the  milk 
should  always  be  borne  in  mind.  The  influence  of  certain  cathartics 
und  mercurials  on  the  child,  when  given  to  the  mother,  is  specially 
nuticeable.] 

The  Spleen, 

[Physiological  Anatomy  of  the  Spleen. — The  spleen  is  a  duct- 
less gland.  It  is  covereil  with  a  tibro-elastic  coat  or  caf>3u1e, 
which  is  reHected  inwards  at  the  fiihtm  as  a  sheath  for  the  bl'jod- 
vessels.  From  the  whole  of  the  inner  surface  of  the  capsule 
numerous  prolongations  called  trabecules  are  continued  into  the 
Bubatance  of  the  organ,  and  those  uniting  with  similar  trabeculic 
given  off  from  the  sheaths  of  the  vessels,  form  the  framework  or 
stroma.  The  trnliecuhT  consist  of  yellow  Htul  white  elaaiic  tissue 
containing  uustriated  muscular  fibres,  and  form  by  their  inter- 
laceoients  numerous  irregular  spaces,  called  /ocni/i,  which  contain 
the  splenic  ffuhatance  or  pulp.  This  pulp  is  of  a  reddish-brown 
color,  and  of  a  soft  granular  cousistence;  containing  blood  disks 
(some  of  which  have  undergone  retrograde  metamorphosis), 
colorless  corpuscles,  nuclei,  nucleated  cells,  pigment  cells,  and 
extractives.  Running  through  this  pulp  is  an  extremely  delicate 
fibrous  network  containing  blood  capillaries. 

Along  the  ranuOoaLions  of  the  splenic  artery  are  seen  numerous 
ovoid,  opaque  whitish  b«)die8,  which  are  called  the  Malpighian 
corpuscles  (Fig.  I*i2).     They  appear  upon  the  walls  of  the  vessels^ 
as  budding  processes,  each  of  them  being  investeiJ  by  a  capsule 
which  is  formed  by  an  expansion  of  the  sheath  of  the  vesseL 
They  are  covered  with  plexuses  of  capillaries,  which  send  loopB* 
into  the  interior  of  the  corpuscles.     The  substance  of  the  cor- 
puscles consists  of  a  white  semifluid  albuminous  nmterial  con- 
taining nuclei,  nucleated  cells,  and  granular  matter,  which  arO: 
supported   in  a  stroma  of  fibrillar  tissue  and  capillary  loops,^ 
The  veins  arise  within  the  spleen  either  oa  continuations  of  thej 
arterial  capillaries,  as  intercellular  passages,  or  as  ciecal  pouches. 
The  capacity  of  the  veins  is  about  twice  that  of  the  arteries. 
The  nerves  are  derived  from  the  ayrapathetic  and  right  pneumo- 
gaatric] 
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The  spleen  luay  be  wholly  removed  from  an  animal  without 
any  obvious  changes  in  tlie  economy  taking  place:  the  funciions 

[Fio.  102. 
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of  the  rest  of  the  bo<ly  appear  to  go  on  unim]>aired.     We  are 
obliged  to  assume  that  some  oorapenaating  actions  take  place  ; 

[Fio.  103. 
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but  what  those  actions  are  we  do  not  know,  and  we  are  lefl  at 
present  by  these  experiments  almost  completely  in  the  dark  as 
to  the  functions  of  tne  spleen.  The  nn^t  that  has  l>een  observed 
is  a  slight  increase  in  the  lymphatic  glands,  and  in  the  uctivity 
of  the  medulla  of  bones  (see  p.  58),  but  even  this  is  doubtful. 

After  a  meal  the  spleen  increases  in  size,  reaching  its  maxi- 
mum about  five  hours  after  the  taking  of  food  ;  it  remains  swollen 
for  some  time,  and  then  returns  to  lis  normal  bulk.  In  certain 
diseases,  such  as  in  the  pyrexia  attendant  on  fevers  or  indamma- 
tions,  and  more  especially  in  ague,  a  similar  temporary  enlarge- 
ment takes  place.  In  prolonged  ague  a  permanent  hypertrophy 
of  the  spleen,  the  so-called  ague-cake,  occurs. 

The  turgescence  of  the  spleen  seems  to  be  due  to  a  relaxation 
both  of  the  small  arteries  and  of  the  muscular  bandti  of  the 
trabeculir ;  to  be,  in  fact,  a  vaso-motor  dilation  accompanied  by 
a  local  inhibition  of  the  tonic  contraction  of  the  other  plain 
muscular  tihrea  entering  into  the  structure  of  the  organ,  the 
latter,  at  all  events  in  some  animals,  being  probably  the  more 
important  of  the  two.  And  the  condition  of  the  spleen,  Hke 
that  of  other  vascular  areas,  appears  to  be  regulated  by  the 
central  nervous  system,  the  digestive  turgescence  being  altugether 
comparable  to  the  flushed  condition  of  the  pancreas  and  of  the 
gastric  membrane  during  their  phases  of  activity. 


NoRKAL  SrhTMS  (■rBVK  riH.JI 
Thi' api«r  rnrvn  l»  the  tjilfwu  ranr«  dliuwing  Uiv  rlijtllimlr  r>iulnu:tioi»  nnd  vximotJnuK  ; 
Uiu  mittlliT  wnrt^  arv  •\nr  lit  thr  nif|ilr»t< iry  tiinvrtiit^nts.  Tlir  l>iwi*r  riirro  in  thn  MimkU 
IirvMinv-  curvt",  aad  tin*  i<f;lni  'i  <<f  Hh*  ci.1»s»n  nn-rc  c>»rrc«iH>n<la  in  Mme  u»  tl»p  jwlnl  h  of  llw 
LilijaHl-pTfOTUrt*  ctirre.     Th>-  iiinrkM  on  tlm  Uni*  <-urv«<  Ivluw  Imli'-iil"  w^'«>tida. 

The  application  of  the  plethysmographie  method  to  the  spleen, 
carried  out  in  the  way  which  we  describe<l  in  speaking  of  the 
kidney  (p.  475),  has  revealed  certain  interesting  phenomena. 
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A  "spleen  curve,"  Fig.  1 64,  taken  in  the  same  way  aa 
curve"  brings  to  light  the  followiog  facta.  The  volume  o^ 
spleen  does  nut  vary,  as  dona  Lhat  uf  the  kidney,  with  each  p 
wave.  The  kidney  curve,  as  we  have  seen,  p.  470,  gives  fl 
indications  of  each  heart  beat,  but  the  spleen  curve  shows  i 
gentle  undulations,  oUvif»u3ly  due  to  the  respiratory  moveral 
This  ditference  corresponds  to  the  difference  in  the  vasd 
arraDgcmeots  of  the  two  organs.  In  the  kidney  the  small  I 
ries  are  relatively  numerous,  and  a  large  portion  of  the  bloo 
the  kidney  is  contained  in  them  ;  in  the  spleen  the  small  arU 
are  relatively  few,  and  the  great  bulk  of  the  blood  is  contaj 
in  the  cnpillaries  and  in  thv  meshes  of  the  peculiar  splenic  tU 
('onsequcnLly  the  blood-How  through  the  spleen  is  of  a  more  i 
character  than  that  through  the  kidney,  and  the  effecls  of  vt 
tious  in  the  disteiitioii  of  the  arteriea,  and  of  vaso-m 
inHuencea  generally  are  less  directly  felt. 

BeBtdes  the  respiratory  undulations  the  spleen  cure  usM 
shows,  SiA  is  seen  in  the  figure,  large  slow  variations  of  voU 
Rhythmic  contractions  and  expansions,  though  not  all 
present,  frerjuently  make  their  apfM^arance^each  contraction  ^ 
Its  fellow  expansion  lasting  in  the  cat  and  dog  about  a  miu 
and  recurring  with  great  regularity  for  a  lung  time.  There 
he  tittle  doubt  that  these  variations  in  volume  are  dm 
rhyihuiic  contractions,  with  tntervt^aing  relaxations,  of  tfae  i 
cular  trubecula;  and  capsule.  In  many  auinmlB  the  contract 
of  the  sj)Ienic  tissue  is  shown  by  the  white  lines  of  constric 
which  appcur  wlicn  the  electrodes  ik\'  an  induction  machioi 
action  arc  drawn  over  its  surface;  and  similar  lines  may  be 
duced  by  mechanical  stimulation  with  the  point  of  a  needle* 
that  the  spleen  may  be  considered  as  a  muscular  organ»  no^ 
panding  to  receive  a  larger  quantity  of  blood  and  now  contl 
ing  to  drive  the  blood  on  to  the  liver.  We  have  evid« 
moreover,  that  the  muscular  activity  of  the  spleen  is  undei 
dominion  of  the  nervous  system.  A  rapid  contraction  of 
spleen  miiy  be  brought  about  in  a  direct  manner  by  stiraula 
of  the  splanchnic  or  vagus  nerves,  or  in  a  reflex  manner  by  sli 
latiou  of  the  central  ends  of  a  sensory  nerve ;  it  may  alsi 
caused  by  stimulation  of  the  me<lulla  oblongata  with  a  galv 
current  or  bv  means  of  asphyxia.  Though  the  matter  haa 
yet  been  fully  worked  out,  we  have  already  sufficiently  cleai 
dications  that  the  flow  of  bloo<l  through  the  spleen  is,  thrt 
the  agency  of  the  nervous  system,  varied  to  meet  changing  m 
At  one  time  a  small  ciuan'tity  of  blood  is  passing  thnnigh 
organ,  and  the  bl*»od  is  at  such  times  probably  confined  tc 
woll-eatublidhcd  ca|>illary  passages,  the  metabolic  changes  w 
it  underg<K«   in   the   transit   being  comparatively   slight. 
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another  time  a  larger  quantity  of  blood  enters  the  organ,  and 
then  probably  is  let  loose,  eo  to  speak,  into  the  splenic  pulp,  there 
to  undergo  more  profound  changes,  and  afterwards  to  be  ejected 
by  the  rhythmic  contractions  of  the  muscular  trabeculie. 

Indeed,  when  the  peculiar  arrangements  of  the  bloodvessels  of 
the  spleen,  with  their  large  o|>en  venous  network]^,  are  borne  in 
mind,  it  seems  in  the  highest  degree  probable  that  metabolic 
events  of  great  importance  (possibly  associated  in  some  way  with 
the  destruction  of  metamorphosis  of  the  blood-corpuscles}  take 
place  in  the  spleen,  though  at  present  we  are  unahle  to  fullow 
them.  And  this  view  is  supported  by  the  somewhat  peculiar 
chemical  characters  of  the  spleeu-pulp,  which,  in  spite  of  its  con- 
taining a  very  large  number  of  blood-corpuscles,  diflere  markedly 
in  Its  chemical  composition  from  either  blood  or  serum.  Thus  a 
special  proteid  of  the  nature  of  alkali-albumin  holding  iron  in 
some  way  peculiarly  associated  with  it  seems  to  be  present.  The 
occurrence  of  this  ferruginous  proteid,  accompanied  as  it  is  by 
several  iwculinr  hut  at  present  Jittle  understood  pigments,  rich  in 
carbon,  bears  out  the  histol'»gical  conclusions  (see  p.  59)  concern- 
ing the  disajipearance  of  the  re(i  corpuscles.  The  inorganic  salts 
of  the  spleen,  or  at  least  those  of  its  ash,  are  remarkable  for  the 
large  amount  of  both  soda  and  phosphates,  and  the  small  amount 
of  potash  anil  chlorides  which  they  contain,  thus  differing  from 
blood -corpuscles  im  the  one  hand,  and  from  blimtl -serum  on  the 
other.  But  perhaps  the  most  striking  feature  of  the  spleen-pulp 
is  its  richness  in  the  so-called  extractives.  Of  these  the  most 
common  and  plentiful  are  succinic,  formic,  acetic,  butyric,  and 
lactic  acids  (tnese  may  arise  in  part  from  the  decomposition  of 
htemoglobin ),  inosit,  leucin,  xantliin,  hypoxanthin,  and  uric  acid. 
Tyrosin  apparently  is  not  present  in  the  perfectly  fresh  spleen, 
though  leucin  is :  both  are  found  when  decomposition  has  set  in. 
The  constant  presence  of  uric  acid  is  remarkable,  especially 
since  it  has  been  found  even  in  the  spleen  of  animals,  such  as  the 
herbivora,  whose  urine  contains  none.  No  less  suggestive  is  the 
fiict  that  the  increase  of  uric  acid  in  the  urine  during  ague,  and 
during  ordinary  pyrexia,  seems  to  run  parallel  to  the  turgescence, 
and  therefore  i)rt»sumably  to  the  activity,  of  the  spleen.  But 
these  facts  are  at  present  suggestive  only  ;  they  point  to  an  active 
metaboltstn,  associated  in  some  way  with  digestion,  taking  place 
in  the  spleen  ;  exact  information  as  to  the  nature  of  the  meta- 
bolism is  however  wanting.  The  thyroid  and  thymus  bodies, 
often  in  description  associatwl  with  the  spleen,  though  different 
in  structure,  the  former  absolutely  so,  resemble  the  spleen  some- 
what, as  far  as  their  extractives  are  concerned.  The  thymus 
contains  leucin,  xnnthin  and  hypoxanthiu,  with  lactic  and  suc- 
cinic acids  ;  uric  acid  seems  to  be  absent.  The  extractives  of  th*i 
thyroid  are  scanty,  but  apparently  of  the  sam^  w^Xwc^. 
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Sec.  2l — ^The  IIistobt  or  Ijkea  axd  ns  Alubh. 


We  nuiT  now  return  to  xht  qiMstioiMwhidk  wt  leA  uiuiinv«red 

at  p.  4^7.  Where  is  urec  formed?  What  are  its  UDBMdiate 
antecedeou?  What  are  the  rariouB  chemical  links  between 
it  and  the  proteid  materia]  of  which  it  is  the  excretory  reprewn- 
tative? 

We  have  seen,  p.  99,  that  the  muscular  tinuea  contain  kreatin, 
together  with  smaller  quantities  of  allied  nitrogenous  crr&talline 
bodies,  such  as  xanthio,  bypoxanthin,  etc.;  ana  we  cannot  go  £u 
wrong  iu  suiipoein^  that  the^e  bodies  are  in  some  way  or  other  the 
prodacu  oi  muscular  metabolism.  We  do  not  know  in  what 
quantities  tbej  are  formed  ;  but  since  they  are  such  bodies  as 
would  readily  be  carried  away  frt>m  the  muscle  by  the  blood- 
stream, and  yet  are  alwaya  Ui  be  found  in  the  muscle,  we  infer 
that  they  are  continually  being  formed, and  a«  continually  being 
oonrerted  into  some  other  bodies  and  carried  away.  And  we  may 
further  say,  that  since  kreatin  exists  in  muscle  to  the  extent  of 
0.2  or  0.4  per  cent.,  and  since  muscle  forms  so  large  a  portion  of  the 
whole  body,  and  must  be  continually  undergoing  some  nitrogenous 
metabolism,  even  li'  the  energy  of  the  muscle  (see  p.  129)  have  a 
noD-nitrogenous  source,  it  is  at  least  possible^  if  not  probable,  that 
a  cousidc'rable  amount  of  kreatin  passes  within  twenty-four  hours 
into  the  blood,  on  its  way  to  become  transformed  by  other  tissues 
into  urea,  or  into  some  stage  nearer  to.  urea  than  itself.  The 
urine,  it  is  true,  contains  a  certain  amount  •  0.9  gramme  in  twenty- 
four  hours)  of  kreatinin,  into  which  kreatin  is  easily  converted; 
but  this  cannot  be  considered  as  the  normal  form  in  which  the 
kreatin  of  the  muscles  passes  out  of  the  body.  For  the  urinary 
kreatinin  is  exceedingly  variable  in  quantity,  vanishing  during 
starvation,  and,  though  not  at  all  increased  by  exercise,  is  largely 
augmented  by  a  flesh  diet;  and  kreatin  injected  into  the  blood, 
even  in  small  quantities,  reappears  aa  kreatinin  in  the  urine. 
Without  laying  too  much  stress  on  the  lust  fact,  we  are  led  to 
conclude  that  the  kreatinin  or  kreatin  iu  urine  has  an  origin 
quite  independent  of  that  which  is  present  in  the  muscles,  being 
proiiably  (ierive<I  directly  from  the  food. 

Of  the  metabolism  of  the  nervous  tissues  we  know  little ;  but 
kreatin  is  found  in  the  brain,  in  some  cases  in  not  iuconsvderable 
quantity.  Moreover,  the  bodies  of  the  nerve-cells  are  undoubt- 
edly composed  of  protoplasm:  the  axis-cylinders  of  ibe  nerve* 
fibres  are  also  protoplasmic  in  nature,  and  it  is  at  \ea»V  ^?^^^^ 
^1,,,.  '    ,,f  the  iMit'uliar  matrix  uf  the  cerebr&A  ».wA  i;fe-««!e\».t 

e(,n  .   and  of  the  gray  matter  generally,  i»  »\»k*  \A^s^^V^ 

protopt.L  ,,u.       Hence,  we  may,  with  a  certain  aa-ni^^x\w\.Qr'»' 
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suppose  that  the  uervous.  like  the  muscular  tissues,  are  continu- 
ally, but  to  a  much  less  extent,  supplying  an  antecedent  to  urea 
in  the  form  of  kreatin. 

Lastly,  the  spleen  contains  a  considerable  quantity  of  kreatin, 
as  well  as  of  xanlhin,  etc.:  and  these  are  present  also  iu  various 
glandular  orgaut^. 

We  thus  have  evidence  of  a  continual  formation  of  kreatin, 
poeeibly  in  large  quantitieSi  in  various  part*  of  the  body.  On  the 
other  hand,  urea  is  certainly  not  present  in  muscle  (save  in  cer- 
tain exceptional  cases),  and  its  presence  iu  nervous  tissue  is 
extremely  doubtful.  It  is  absent  frniii  the  spleou  (of  the  occur- 
rence of  urea  in  the  liver  we  shall  speak  preseutiy  >,  the  thymus 
and  thyroid  bodies,  Hud  from  the  lyniphalic  glands,  though  uric 
acid,  as  we  have  seen,  appears  to  be  a  normal  constituent  of  the 
spleen.  It  seems  very  tempting  to  jump  at  once  from  these  facts 
to  the  conclusion  that  kreatin  is  the  natural  antecedent  of  urea, 
and  that  as  far  as  nitrogenous  excretion  is  concerned  the  labor  of 
the  kidney  is  C4:intined  to  the  simple  transformation  of  kreatin 
into  urea.  We  have  only  to  suppose  that  the  kreatin  passes  from 
theee  several  tissues  into  the  blood,  in  which  it  may  be  found, 
and  while  circulating  in  the  blood  is  seized  upon  by  the  renal 
epithelium  and  converted  into  urea.  And  in  support  of  this 
view,  it  has  he*n  urged  that  while  ligature  of  the  ureters  leads 
to  an  accumulation  of  urea  In  the  various  tissues  and  fluids  of 
the  body,  kreatin  tak<;s  the  place  of  urea  when  the  kidneys  are 
wholly  extirpate<l,  the  explanation  given  of  the  different  results 
being  tliat  in  the  former  case  the  kidneys  contioue  to  perform 
their  functions,  and  to  manufacture  urea  out  of  kreatin,  and  the 
urea  thus  formed  is  thrown  back  upon  the  blood,  whereas  iu  the 
latter  case  the  kreatin-converting  organs  are  absent.  Further 
observations,  however,  have  clearly  shown  that  whether  the  kid- 
neys be  wholly  extirpated  or  the  ureter  simply  ligatured,  the 
result  in  both  cases  is  the  same,  an  accunuilatiou  in  the  ti:<sues 
and  fluids  of  urea,  or,  in  the  case  of  birds  and  snakes,  etc.,  of 
uric  acid.  And  indeed  the  ligature  of  the  ureters  soon  leads  to 
such  trouble  in  the  renal  epithelium  as  to  arrest  their  functional 
activity,  so  that  the  digtinclion  between  extirpation  of  the  kidney 
and  ligature  of  the  ureters  is  an  illusory  one.  Hence,  though 
we  need  not  go  so  far,  perhaps,  as  to  say  that  no  part  of  the  urea 
of  urine  is  furnished  by  a  transformation  of  kreatin  by  the  kidney 
itself,  it  is  obvious  that  we  cannot  speak  of  the  main  mass  of 
urea,  which  passes  from  the  body,  as  having  puch  an  origin,  and 
as  having  undergone  such  a  transformation  in  the  kidney. 
Clearly  the  great  part  of  the  urea  of  the  urine  reaches  the  kidney 
either  as  urea  existing  in  the  bloo<l,  and  has  simply  to  be  passed 
through  the  epithelium  cells,  the  liealthy  kidneys  usually  i>er- 

44 


il8      THK  METABOLIC  PHBNOMENA  OF  THK  BODY. 


I Ih. 


forui'mg  their  work  so  well  as  to  leave  behind  in  the  blood  only 
such  a  slight  amount  of  urea  as  to  be  with  difficulty  detected  by 
the  meaog  at  present  at  our  commaDd,  or  as  some  subatauce 
which,  though  not  actually  urea  itself,  is  so  nearly  allied  as  to  be 
capable  of  being  readily  transformed  into  urea,  and  accumulated 
as  urea  in  the  lisuuetf  and  fluids,  when  the  excreting  power  of  the 
kidneys  is  lost. 

The  kreatiu  of  muscle  and  other  tissues  may,  before  it  reaches 
the  kidney,  be  a  source  of  this  urea  or  antecedent  of  urea  in  the 
blood,  having  undergone  transformations  whose  seat  and  nature 
are  hidden  from  us,  or,  as  we  have  suggested,  it  may  not  be. 
There  are,  however,  other  possible  sources  of  urea  besides  the 
kreatin  formed  in  muscle  and  elsewhere.  We  have  seen  that 
one  result  of  the  action  of  the  pancreatic  juice  is  the  formation 
of  considerable  quantities  of  leucin  and  tyrosin.  In  dealing  i\ith 
the  statistics  of  nutrition,  our  Bttenti<)n  will  be  drawn  to  the  fact 
that  the  introduction  nf  protcid  matter  into  the  alimentary  canal 
is  followed  by  a  large  and  rapid  excretion  of  urea,  suggesting  the 
idea  that  a  certain  part  of  the  total  quantity  of  the  urea  nor- 
mally secreted  cornea  from  a  direct  metabolism  of  the  proteids  of 
the  fi>od.  without  ihese  really  forming  a  part  of  the  tissues  of  the 
body.  We  do  not  know  to  what  extent  normal  pancreatic  diges- 
tion has  for  its  product  leucin,  anil  its  companion  tyrosin;  but 
if,  especially  when  a  meal  rich  in  protrids  has  been  taken.acon- 
siderahle  (juautity  of  leucin  ia  iUrttied,  we  can  perceive  an  easy 
and  direct  source  of  urea,  provided  that  the  metabolism  of  the 
body  is  capable  of  converting  leucin  into  urea.  That  the  body 
can  eflect  this  change  is  shown  by  the  fact  that  leucin,  when 
introduced  into  the  alimentary  canal  in  even  large  quantities, 
docs  reappear  in  the  urine  as  urea;  that  is,  the  urine  contains 
no  leucin,  but  its  urea  is  proportionately  increased  ;  and  the 
same  is  possibly  the  case  with  tyrosin,  though  this  is  disputed. 
Now  the  leucin  formed  in  the  alimentary  canal  is  probably  car- 
ried by  the  portal  blood  straight  to  the  liver;  and  the  liver, 
unlike  nther  glandular  organs,  does,  even  in  a  perfectly  normal 
slate  of  things,  contain  urea.  We  are  tijus  letl  to  the  view  thai 
among  the  numerous  metabolic  events  which  occur  in  the  hepatic 
cells,  the  formation  of  urea  out  of  leucin  or  out  of  other  ante- 
cedents may  be  ranked  as  one.  And,  in  support  of  this  view,  it 
may  be  urged  that  a  large  quantity  «>f  urea  seems  to  be  present 
in  the  liver  of  mammald,  and  of  urates  in  the  liver  of  birds. 
Moreover,  when  a  stream  of  fresh  blrxn)  is  passed  several  times 
through  the  liver  of  an  animal  nccntly  killed,  the  percentage  of 
ureal  in  the  blood  so  used  is  f'»und  to  be  decidedly  increa.ced. 
This,  however,  is  not  conclusive,  for  the  increased  quantity  in 
the  hh*od  which  had  been  circulated  might  have  bc^nsimplv 
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urea,  which  had  been  washed  out  from  the  liver,  where  it  had 
previoualy  been  staying.  Probable,  therefure,  as  this  view  may 
aeem.  it  has  not  bb  yet  been  established  as  a  fact.  A  strong  pre- 
Buuption,  however,  in  favor  of  urea  arising  through  the  hepatic 
metabolism,  from  leucin  as  an  antecedent,  is  afforded  by  the  fact 
that  in  cases  of  acute  atrophy  of  the  liver,  where  tiie  hepatic 
cells  lose  their  functional  activity,  the  urea  of  the  urine  is  re- 
placed by  leucin  an<l  tyrosin.  And,  lastly,  it  may  be  remarked 
that  not  only  are  leucin  and  tyrusiu  foviud  in  nearly  all  the 
tisBues  afler  <leatli,  especially  in  the  glandular  tissuen,  but  they 
also  appear  with  Htrikiog  readiness  in  almunt  all  decompoditious 
of  proteids,  and  leucin  is  also  a  product  of  decomposition  of 
gelaliniferous  substances. 

The  view  that  leucin  is  transformed  into  urea  lands  us,  how- 
ever, in  very  considerable  difficulties.  Lt^uciu,  as  we  know,  is 
amidocapruic  acid ;  and,  wilh  our  present  chemical  knowledge, 
we  can  conceive  of  no  other  way  in  which  leucin  can  be  con- 
verted into  urea  than  by  the  complete  reduction  of  the  former  to 
the  ammonia  condition  (the  caproic  acid  residue  being  either 
elaborated  into  a  fat  or  oxiJized  into  carbonic  acid),  and  by  a 
reconstruction  of  the  latter  out  of  the  ammonia  so  formed.  \Vc 
have  a  somewhat  parallel  case  in  glyciu.  This*,  which  is  nmido- 
aoetio  acid,  when  introduced  iulo  the  alimentary  canal,  also  re- 
appears as  urea;  here  U)0  a  reconnlructiou  of  urea  out  of  an 
ammonia  phase  must  take  place.  Moreover,  when  ammonium 
chloride  is  given  to  a  dog,  a  very  large  portion  reap|*ear8  as  urea 
— ».  c\,  there  is  an  increase  in  the  urea  of  the  urine  correspond- 
ing to  a  large  portion  of  the  nitrogen  contained  in  the  ammo- 
nium chhjride.  And  there  is  a  certain  amount  <»f  evidence  into 
which  we  cannot  enter  here,  leading  to  the  conception  that  the 
immediate  antecedent  of  urea  is  ammonium  carbamate,  which  by 
dehydration  tand  this  it  is  stated  may  be  eflected  by  electrolysis 
with  rapidly  alternating  currents)  ia  transformed  into  urea.  Or 
the  antecedent  which  is  dehydrated,  may  be  not  ammonium  car- 
bamate but  aniinonium  carbinate  (twe  Appendix);  and,  on  the 
other  hand,  seeing  how  readily  ammonium  cyanate  is  transformed 
into  urea,  it  may  be  that  Che  immediate  antecedent  is  some  cya- 
nogen compound.  T^eaving  these  matters  for  the  present,  and 
indeed  we  nave  ventured  to  call  attention  to  them,  chieflv  be- 
cause they  aerve  as  a  warning  not  to  neglect  the  possible  synthetic 
operations  of  the  animal  body,  we  may  sum  up  our  imperfect 
knowledge  concerning  the  history  of  urea  as  follows.  We  have 
evidence,  not  exactly  com[)lete  but  fairly  satisfactory,  that  a  part, 
at  least,  of  the  urea  is  simply  withdrawn  from  the  blood  by  the 
renal  epilheiium.  The  activity  of  the  protoplasm  of  the  secret- 
ing cells  must,  therefore,  as  far  as  this  part  of  the  urea  is  ooq- 
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cerned,  be  confiDe^I  to  absorbing  the  urea  from  the  renal  blood, 
and  to  paseiDg  it  on  into  the  cavities  of  the  renal  tubulee.  The 
mechanism  by  which  this  ts  efTected  we  cannot  at  present  fathom, 
but  it  seems  more  comparable  to  a  selection  of  food  than  to  any- 
thing else;  the  cells  appear  to  treat  urea  much  in  the  same  way 
as  they  treat  sodium  sulphindigotale.  The  ontecedents  of  the 
urea  in  the  blood  are,  we  may  at  present  sup[>o9e,  partly  the 
kreatin  formed  in  muscle  and  el^where,  partly  the  leucin  and 
other  like  bodies  formed  in  the  alimentary  canal  as  well  as  in 
various  tissues.  The  transformation  of  these  bodies  into  urea 
may  take  place  in  the  liver,  and  possibly  in  the  spleen,  but  we 
have  no  exact  proof  of  this,  nor  can  we  say  exactly  in  what  way 
the  transformation  is  effected.  There  is  no  proof  of  any  body 
existing  in  the  blood  capable  of  effecting  this  transformation  ; 
and  we  may  probably  rest  assured  that  in  this,  as  in  other  meta- 
bolic eventfi,  the  activity  exerciseil  in  the  change  cornea  from 
some  tissue,  and  cannot  be  manifeste^l  by  simple  blood  plasma. 

Lastly,  it  is  possible  that  the  kidney  may,  Ijesides  the  simpler 
duty  of  withdrawing  ready  former!  urea  from  the  blood,  be  ex- 
ercised in  transforming  various  nitrogenous  crystalline  btxlies  to 
serve  na  part  of  the  supply  of  urea  which  passes  from  it. 

Uric  Acid. — This,  like  urea,  is  a  normal  constituent  of  urine, 
and,  like  urea,  has  been  found  in  the  blood,  and  in  the  liver  and 
spleen;  we  have  already,  p.  5Io,  referred  to  its  relations  with 
this  latter  orj^n.  In  some  animals,  such  as  birds  and  most  rep- 
tiles, it  takes  the  place  of  urea.  In  various  diseases,  the  quan- 
tity in  the  urine  is  increased;  and  at  times,  a.^  in  gout,  uric  acid 
accumulates  in  the  blood,  and  is  deposited  in  the  tissues.  By 
oxidation  a  molecule  of  uric  acid  can  be  split  up  into  two  mole* 
cules  of  urea,  and  a  molecule  of  mesoxalic  acid.  It  may,  there- 
fore, be  spoken  of  as  a  less  oxidized  product  of  proteid  meta- 
bolism than  urea;  but  there  ia  no  evidence  whatever  to  show 
that  the  firmer  is  a  necessary  antecedent  of  the  latter;  on  the 
contrary,  all  the  facts  known  go  to  show  that  the  appearance  of 
uric  arid  is  the  result  of  a  metabolism  slightly  diverging  from 
that  leading  to  urea.  And  we  have  no  evidence  to  prove  that 
the  cause  of  the  div*?rgence  lies  in  an  insufficient  supply  of  oxy- 
gen to  the  f«rir»"i^"'  ***  lar^e;  on  the  contrary,  uric  acid  occun 
in  the  rapi  birds,  as  well   as  in  the  more  torpid 

\  t  that  in  the  fr^^^i  uren  aj^ain  replace* 

"-ToiHinrit   l)v  reference  to    VV^V  \v\\\ma\  haviu»j  ao 
in  n-idifion  to  its  pulnfc^«^a.t^  tv»\nrttii.m.    The 
lire  to  be  .^aAA\vX\VT^Uu'T  In  th«  fact 
t<»  a  fluid,        ^'^^  ^^^^  ^'^^^^  ^*^  »  mor« 
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Hipporic  Acid. — In  the  urine  of  herbivora,  uric  acid  is  for  the 
most  part  abwnt,  being  replaced  by  hippuric  acid.  In  the  urine 
of  omnivorous  man,  both  acida  may  be  present  together.  The 
history  of  the  hippuric  acid  of  urine  ia  very  iuHtruclivc ;  fur 
though  at  Bret  sight  its  presence  might  appear  to  indic*ate  that 
the  metabolism  of  the  herbtvoni  is,  iu  some  points,  fuudameulally 
different  from  that  of  carnivorn,  there  can  be  ]ittie  doubt  that 
the  hippuric  acid  which  apfjears  iu  the  urine  of  herbivora  comes 
directly  from  the  ingested  food.  Hippuric  acid  is  a  compound 
of,  or  rather  a  result  of,  the  union  or  conjugation  of  benwMc  acid 
and  glycin ;  and  when  benzoic  acid  is  introduced  into  the  stomach 
uf  an  animal,  whether  herbivorous  or  not,  it  reappears  not  as 
benzoic,  hut  as  hippuric  acid.  It  evidently  meets,  somewhere  in 
the  body,  with  glycin;  and  uniting  with  this  becomes  hippuric 
acid,  iu  which  form  it  passes  out  by  the  urine.  Nitrol>en3:oic 
acid,  in  a  similar  way,  became."*  nitrohippuric  acid;  and  many 
other  bodies  of  the  aromatic  class,  by  a  like  assumption  of  glycin, 
become  conjugated  iu  their  passage  through  the  body. 

The  knowledge  of  the  fact  that  benzoic  acid  is  thus  converted 
into  hippuric  acid  naturally  suggested  the  idea  that  the  foo<]  of 
herbivora  might  cuutain  either  benzoic  acid,  or  some  allied  body, 
and  that  the  presence  of  hippuric  acid  as  a  normal  constituent 
of  urine  might  be  thus  accounted  for.  And  it  would  appear 
that  all  the  hippuric  acid  of  herbivorous  urine  is  in  reality  due 
to  the  presencre  in  ordinary  fodder  (hay)  of  a  particular  con- 
stituent containing  a  benzoic  residue;  when  this  constituent  is 
withdrawn,  the  hippuric  acid  disappears  from  the  urine. 

The  transformation  or  conjiigiitiiui  appears  to  take  place 
chie6y  in  the  kidneys,  for  when  bltHwi  containing  benzoic  acid  is 
driven  through  the  vessels  of  a  fresh,  that  is  of  a  living,  kidney, 
it  is  fuund  after  the  transit  to  coutuin  hippuric  acid.  And,  in- 
deed, the  same  change  may  be  eHt'(.-ted  by  simply  mixing  iH^nztiic 
acid  with  portions  of  fresh  and  still  warm  kidney,  broken  to 
pieces  and  as  it  were  mashed  up.  the  mixture  being  exposed  to 
the  temperature  of  the  body.  If  the  kidney  be  kept  some  time 
before  the  benzoic  acid  i^  submitted  to  its  action,  the  transforma- 
tion fails,  indicating  that  the  change  is  effected  by  certain 
elements,  probably  by  the  renal  epithelium  cells,  which  retain 
this  power  so  loug  only  as  they  remain  alive  alter  removal  from 
the  body. 

A  similar  transformation  of  benzoic  into  hippuric  acid  is  said 
to  take  place  in  some  animals,  at  least,  in  the  liver,  benzoic  acid 
injected  into  the  portal  vein  reappearing  as  hippuric  acid  iu  the 
blood  of  the  hepatic  vein.  In  both  these  cases,  it  is  worthy  of 
note,  and  the  observation  bears  on  the  formation  of  urea  just  dis- 
cufised,  that  the  change  takes  place  even  if  no  glycin  I>c  added 
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with  the  benzoic  acid.  Glycin  must,  therefore,  be  present  in  the 
kidney  or  liver,  and  ilB  presence  in  the  liver  is  further  sbowu  by 
the  formation  of  glycocholic  acid  from  cholalic  acid.  Bui  Bingu- 
larly  enough,  glycin,  though  a  common  product  of  the  decora- 
poeition  of  proteid  and  gelaliniferous  PuS^Liluces,  has  hitherto 
not  been  found  as  such  in  any  part  of  the  living  body. 

<.)f  the  meaning  of  the  appearance  in  the  tisBueeof  such  bodies 
aa  xanthin,  etc..  and  of  the  exact  nature  of  the  metabolism 
which  thev  undergo,  we  know  nothing.  We  cannot  say  whether 
they  are  airaply  the  accidental  by-product«  of  nitrogenous  meta- 
bolism, the  result  of  imperfect  chemical  machinery;  or  whether 
they,  though  email  in  quantity,  serve  some  special  ends  in  the 
economy. 

Sec.  3. — The  Statistics  of  Nutrition. 

The  preceding  sections  have  shown  ue  how  wholly  impossible 
it  is  at  present  to  master  the  rartabolic  phenamena  of  the  body 
by  attempting  to  trace  out  forwards  or  backwards  the  several 
changes  undergone  by  the  individual  constituents  of  the  food, 
the  body,  or  the  waste  products.  Another  method  is,  however, 
open  to  us:  the  statistical  method.  We  may  ascertain  the  total 
income  and  the  total  expenditure  of  the  body  during  a  given 
period,  and  by  comparing  the  two  may  be  able  to  draw  conclu- 
sions concerning  thu  changes  which  must  have  taken  place  in 
the  body  while  the  income  was  being  converted  into  the  output. 
Many  rcsearchea  have  of  late  years  been  carried  out  by  this 
method ;  but,  valuable  as  are  the  results  which  have  been  thereby 
gaine<j,  they  must  bo  received  with  caution,  since  in  this  nielhiHl 
of  inquiry  a  small  error  in  the  data  may,  in  the  process  of  cal- 
culation and  inference,  lead  to  most  wrong  conclusions.  The 
great  use  of  such  inquiries  in  to  suggest  ideas,  but  the  views  to 
which  they  give  rise  nee<l  to  l)e  verified  in  other  ways  before 
they  cjui  acquire  real  worth. 

Composition  of  the  Animal  Body. — The  iirst  datum  we  require 
is  a  knowledge  of  the  composition  of  the  body,  as  far  as  the  rela- 
tive proportion  of  the  various  tissues  is  c^)ncerne<l.  In  the 
human  body  the  proportions  by  weight  of  the  chief  tissues  are 
probably  somewhat  as  follows  : 


AiluH  iiuui.       Nf<whrtru  ImIiV. 
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Ad  analyais  of  a  cat  has  ^ven  the  following  result: 

ParcMQi. 

Muscles  and  tviidons 46.0 

Bone* 14.7 

Skin 12.0 

Muentcry  uud  &di)Mi8e  liuiip  8.8 

Livor .4.8 

Blood  (escaping  at  deutb)    ...  6.0 

Other  orgaDft  and  tissues 13.7 

Due  poiut  of  importance  to  be  noticeil  in  these  analyses  is  that 
the  skeletal  muscles  form  nearly  half  the  body;  and  we  have 
already  seen  (p.  62)  that  nbuuL  a  ouarter  of  the  total  blood  in 
the  body  ia  contained  in  them.  We  infer  from  this  that  a  large 
part  of  the  metaholiem  of  the  body  ia  carried  on  in  the  muscles. 
Kext  to  the  muaclea  we  must  place  the  liver,  for^  though  far  less 
in  bulk  than  them,  it  is  subject  to  a  very  active  metabolism,  as 
shown  by  the  fact  that  it  alone  may  hold  about  a  (juartcr  of  tho 
whole  blood. 


The  Starviiig  Body. — Before  attempting  to  study  the  iriBuence 
of  food,  it  will  be  useful  to  ascertain  what  changes  occur  in  a 
body  when  all  food  ia  withheld.  A  cat  was  found  to  lose  in  a 
hunger-period  of  thirteen  days  734  grammes  of  solid  material, 
of  which  248.8  were  fat  and  118.2  muscle,  the  remainder  being 
derived  from  the  other  tissues.  The  percentages  of  dry  solid 
matter  lost  by  the  more  important  tissues  during  the  period  were 
as  fotlowa: 


Adipose  ti»n«f 

Spleen 

Liver  .... 

Muaclea 

Blood  .        .        .        . 

Brain  aad8piiiHlci>rd  . 


Prr  rmut. 

97.0 
63.1 
{i6.6 
SO.  2 
17  6 
00 


Thufl^thc  loss  during  starvation  fell  most  heavily  on  the  fat; 
indeed,  nearly  the  whole  of  this  disa[»peared.  Next  to  the  fat, 
the  glandular  organs,  the  tissues  which  we  have  seen  to  be  emi- 
nently metabolic,  suttered  moat.  Then  come  the  muscles — that 
is  to  say,  the  skeletal  muscles,  for  the  loss  in  the  heart  was  very 
trilling;  obviously  this  ory;an,  on  account  of  its  importance  in 
carrving^on  the  work  of  the  economy,  was  spared  as  much  as 
possible;  it  was,  in  fact,  fed  on  the  rest  of  the  body.  The  same 
reniark  applies  to  the  brain  and  spinal  cord;  in  order  that  life 
might  be  prolonged  as  much  as  possible,  these  important  organs 
were  nourished  by  material  drawn  from  less  noble  organs  and 
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tiwuea.  The  blood  suffered  proportionally  to  the  general  body- 
waste,  becoming  gradually  leda  in  bulk,  bat  retaiuiug  the  ss 
specific  gravity ;  of*  the  total  dry  proteid  constituents  of  the  body, 
17.3  per  cent,  was  lost,  which  agrees  very  closely  with  the  17.C 
per  cent  lost  by  the  bio*Kl.  It  is  worthy  of  remark  that  the 
tissues  in  general  became  more  watery  than  in  health.  We 
might  infer  from  these  data  the  conclusions  that  metabolism  is 
most  active  first  in  the  adipose  tissue,  next  in  such  metabolic 
tissues  as  the  hepatic  cells  and  spleen-pulp,  then  io  the  muscles, 
and  so  on  ;  but  tnese  conclusions  must  be  guarded  by  the  reflec- 
tion that  because  the  loss  of  cardiac  and  nervous  tissue  was  so 
small,  we  must  not,  therefore,  infer  that  their  metabolism  was 
feeble;  they  may  have  undergone  rapid  metabolism,  and  yet 
have  been  preserved  frotr;  lu^  of  sulMtauce  by  their  drawing 
ufton  other  tissues  for  their  material. 

During  this  jstarvation-periud,  the  urine  contained  in  the  form 
of  urea  (for,  as  we  shall  nee,  the  other  nitrogenous  constituents  of 
urine  may  for  the  most  part  be  disregarded)  27.7  grammes  of 
nitrogen.  Now,  the  amount  of  muscle  which  was  lost  during  the 
period  contained  about  15.2  uf  nitrogen.  Thus,  more  than  half 
the  nitrogen  of  the  output  during  the  starvaiion-period  must 
have  come  uttimately  frnni  the  metabolism  of  muscular  tissue. 
This  is  an  important  fact  of  which  we  shall  be  able  to  make 
hereafter.  Bidder  and  tSchmidt  came  to  the  conclusion,  froi 
their  observations  on  a  starving  cat.  that  the  quantity  of  ures' 
excreted  per  diem,  in  all  but  the  earlier  days  <»f  the  inanition 
period,  bore  a  fixed  ratio  to  the  body-weight.  In  the  first  two 
or  three  days  of  the  perirxl,  the  daily  quantity  of  urea  wae  much 
in  excess  of  this  rntii*.  They  were  thus  led  to  distinguish  two 
sources  of  urea;  a  quantity  arising  from  the  functional  activity 
of  the  whole  body,  ami  therefore  bearing  a  fixed  ratio  to  the 
body-weight,  and  continuing  until  near  the  close  of  life;  and  a 
quantity  ariisiug  from  the  amount  of  surplus  nitrogenous  or  pro- 
teid material  \niich  happened  to  he  stored  up  in  the  body  at  the 
commencement  of  the  period,  and  which  was  rapidly  got  rid  of. 
The  latter  they  regarded  as  not  entering  distinctly  into  the  com- 
position of  the  tissuea,  but  ns,  so  to  speak,  floating  capital,  upon 
which  each  or  any  i}(  the  tissues  could  draw.  They  spoke  of  its 
direct  roetal>oIism  us  a  Itisus  amjtntnjdion.  More  extended  ob- 
aervatiouB,  however,  have  shown  that  though  the  urea  of  the  first 
two  or  three  days  much  exceeds  that  of  the  subsequent  days  of 
a  0tarvati"»n-]>eriod,  no  such  fixe*l  relation  of  urea  to  body-weight 
[e<l  obtains.    To  the  nuestiou  of  a  luxus  consumn- 


JUggl*t< 


ill  have  again  to  refer. 


)t — What  is  the  proper  diet  for  a  given  animal 
■nutaooes,  can  only  be  determined  when  the 
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laws  »f  uutritioD  are  known.  Meanwhile,  it  is  necessary  to  gnin 
an  Bppn»ximate  idea  of  what  may  be  considered  as  the  normal 
diet  for  a  body  auch  as  that  of  man  untler  ordinary  circumslancei?. 
This  may  be  settled  either  by  taking  a  very  large  average,  or  by 
deterroiDing  exactly  the  conditions  of  a  particular  cnsi^.  In  the 
table  below  are  given  both  the  average  reault  obtained  by  Mole- 
Hchott  from  a  large  number  of  public  diets,  and  the  diet  on  which 
an  observer  (Kanke)  found  himself  in  good  health,  neither  losing 
uor  gaining  weight. 

I'lil  iltc  ilj«t  I  Mt>lcM!bi*lt. )    lUnkr. 


Ommiin'B. 

Proteids 130 

Fat 84 

Amyloids -lO*! 

Saiu ao 

Wmer 2S00 


too 

100 

240 

26 

'JG<»0 


for  these  two  diets,  which  agree  in  many  resjiects,  that  of 
[^anke  iu  probably  the  better  one,  since  in  public  diets,  the 
beaper  carbohydrates  are  used  to  the  exclusion  of  the  dearer 
Its. 


Comparison  of  Income  and  Outpxtt, 


Method. — We  have  now  to  inquire  how  the  elements  of  such  a 
diet  are  distributed  in  the  excreta,  in  order  that,  from  the  manner 
of  the  distribuLJon,  we  may  infer  the  nature  of  the  intermediate 
Btagw*  which  take  place  within  the  body.  Uy  comparing  the 
ingeiita  with  the  excreta,  we  shall  learn  what  elements  have  been 
retained  in  the  budy,  and  what  eleruentri  appear  iu  the  excreta 
which  were  not  present  in  the  food  ;  from  these  we  may  infer  the 
changes  which  the  body  has  undergone  through  the  Intlueuce  of 
the  foo<i. 

In  the  6rst  place,  the  real  income  must  be  distinguisheil  from 
the  apparent  one  by  the  subtraction  of  the  feces.  We  have  seen 
that  by  far  the  greater  part  of  the  feces  is  undigested  matter — 
/* «.,  food  which,  though  placed  iu  the  aliineutary  canal,  has  not 
really  entered  into  the  body.  The  share  in  the  feces  taken  up  by 
matter  which  has  been  excreted  from  the  blood  into  the  alimen- 
tary c-anal,  is  so  small  that  it  may  bo  neglected  ;  certainly  with 
regard  to  nitrogen,  the  whole  quantity  of  this  element,  which  is 
present  in  the  feces,  may  be  regarded  as  indicating  simply  undi- 
gested nitrogenous  matter. 

The  income,  thus  corrected,  will  consist  of  so  much  nitrogen, 
carbon,  hydrogen,  oxygen,  sulphur,  phosphorus,  saline  matters, 
and  water,  contained  in  the  proteids,  fats,  carbohydrates,  salts, 
and  water  of  the  fnod,  together  with  the  oxygen  absorbed  by  the 
lungs,  skiui  and  alimeatary  canal.    The  output  may  be  regarded 
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as  coDsiating  of  (l)  the  reapiratory  products  of  the  luugs.  skin, 
and  alimentarr  canal,  consisttog  chieSy  of  carbonic  acid  aud 
water,  with  Hniall  quautitiea  of  hydrogen  and  carburelted  hydru- 
gen,  these  two  latter  coming  exclusively  from  the  alimentary 
canal ;  (2)  of  perspiration,  consisting  chiefly  of  water  aud  salts, 
for  the  dubious  excretion  (see  p.  4t>l))  of  urea  by  the  skin  may 
be  neglected  and  the  other  organic  amstituents  of  sweat  amounts 
to  very  little;  and  (^3)  of  the  urine,  which  is  assumeil  to  contain 
all  the  nitrogen  really  excreted  by  the  body,  besides  a  large 
quantity  of  ealine  matters,  and  of  water.  Where  great  accu- 
racy is  required  the  total  nitrogen  of  the  urine  ought  to  be  de- 
termined ;  it  is  maintained,  however,  that  no  errors  of  serious 
importance  arise  when  the  urea  alone,  as  determined  by  Liebig's 
method,  is  taken  as  the  raoaaurc  of  the  total  quantity  of  nitrogen 
in  the  urine,  ^ince.  in  this  method,  other  nitrogenous  bodies  be- 
sides uren  arc  precipitated,  and  so  contribute  to  the  quantitative 
result.  It  has  been,  and  indeed  still  \»  debated  whether  the  body 
mav  not  sufler  loss  of  nitrogen  by  other  channels  than  by  the  urine 
and  feces,  whether  nitrogen  may  not  leave  the  body  by  the  skin 
or,  indeed,  in  a  gase<jus  state  by  the  lungs.  The  balance  of  the 
conflicting  evidence  seems,  however,  in  favor  of  the  view  that  no 
such  loss  takes  place.  It  would  appear  that  though  nitrogen, 
Uie  pivot,  so  to  Bpeak,  of  the  chemical  changes  of  living  beings, 
forms  so  large  a  portion  of  the  atmosphere  and,  moreover,  is 
physically  diffiiaeti  throngh  the  bodies  of  both  plants  and  animals, 
free  nitrogen  is  of  no  chemical  use  to  either  of  them.  It  enters 
into  and  remains  in  their  bodie:*  as  an  inert  substance,  and  the 
nitrogen  which  leaves  a  plant  or  animal,  in  a  gaseous  stale,  is 
simply  a  part  of  the  same  inert  supply  and  does  not  come  from 
the  breaking  up  of  the  nitrogenous  substances  of  the  bo(Jy  or  of 
food. 

Of  these  elements  of  the  income  and  output,  the  nitrogen,  the 
carbon,  aud  the  free  oxygen  of  respiration  are  by  far  tne  most 
important.  Since  water  is  of  use  to  the  body  for  merely  mechani- 
cal purposes,  and  m>t  solely  as  food  in  the  strict  sense  of  the 
word,  the  hydrogen  element  becomes  a  dubiout«  one;  the  sulphur 
of  the  proteidfl.  and  the  phosphorus  of  the  fats,  are  insignificant 
in  amount;  while  the  saline  matters  stand  ou  a  wholly  ditferent 
footing  from  the  other  parts  of  fooii,  inasmuch  as  they  are  not 
sources  of  energv,  and  pass  through  the  body  with  eoropar»iively 
little  change,  ^he  body-weight  must,  of  <x)UrBe.  *>*  carefully 
ascertained  at  the  Itf-'v"-"  •  nnd  at  the  end  of  the  period,  cor- 
rection being  made  v  ihle  for  the  fecee. 

It  will  ii-  laiDr  of  such  inquiriea  is  <r*>oiflfl«r»bl«. 

mmfullv  kept  »e|)arat«  frO»^  ™  *«?^ 

iod  analysis.    Any  \<m     ^^  "*  '**'>i 
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either  in  the  form  of  sweat,  or,  in  the  case  of  woolly  animals,  of 
hair,  must  be  estimated  or  accounted  for.  The  food  uf  the  jteriod 
muBt  be,  as  far  as  possible,  uniform  in  character,  in  order  that 
the  analyees  of  sj>ecimen6  miiy  serve  faithfully  for  calculations 
involving  the  whole  quantity  of  food  taken  ;  and  thlH  is  especi- 
ally the  case  when  the  diet  is  a  meat  one,  since  portions  of  meat 
differ  80  much  from  each  other.  But  the  greatest  difficulty  of  all 
lies  in  the  estimation  of  the  carbonic  acid  produced  and  the 
oxygen  consumed.  In  some  of  the  earlier  researches,  this  factor 
was  neglected,  and  the  variations  occurring  were  simply  zuessed 
at,  through  which  very  serious  errors  were  introduced.  No  com- 
parison ot  income  and  output  can  be  considered  satisfactory  un- 
less, at  least,  the  carbonic  acid  produced  be  directly  measured  by 
means  of  a  respiration  chamber.  And  in  order  that  the  com- 
parison  should  be  really  complete,  the  water  given  ofi*  by  the 
skin  and  lungs  must  be  directly  measured  also  ;  but  this  seems  to 
be  more  difficult  than  the  determination  uf  the  carbonic  acid. 


P 


In  the  plan  f^riginally  adoptod  by  Bcgnault  and  Keiset,  and  followed 
by  fionie  uther  olwervers,  ttie  animal  c^xperimcnlcd  un  is  allowed  to 
breathe  a  limited  und  measured  ainiofipliero.  The  carbonic  acid,  as  faal 
as  it  ia  r*rmed,  is  fixed  and  rcmovod  by  a  Rtrong  solution  of  caustiu 
potash,  and  the  norma]  [lercentage  of  oxygen  in  the  iitmuspliero  is  main* 
tained  by  a  supply  of  this  gas  from  a  gn-tholder.  In  this  way  both  the 
oxygen  consumed  and  ibo  carbonic  acid  pruduoed  are  direolly  dolerniined, 
while  the  conlinuHl  supply  of  fre«b  oxygen  prevents  uny  evil  eO'ectt  due 
to  breathing  h  con  lined  ]w>rtion  of  air.  In  order,  however,  to  avoid  all 
possible  orrorfi  nrisirg  from  a  too  restricted  atmosphere  a  different  method 
oaa  been  adopted  by  Pettenkortir  and  Voit.  Tlieir  appHralus  consists 
essentially  of  a  large  chamber,  capable  of  holding  a  man  comfortably 
By  meanB  of  a  steam  entwine  a  current  of  nnre  air^  measured  by  a  gaso- 
meter}  >»  drawn  Ihnfugh  the  chamber.     Meun^ured  portions  of  iho  uut- 

§oing  air  are  from  time  to  time  withdrawn  and  anuIvKcd,  and  fn^m  the 
ata  afforded  by  these  analyses,  the  umuunts  of  carbonic  acid  (and  other 
gases)  and  of  water  given  off  by  the  occupant  of  the  chamber  during  a 
given  lime  are  determined.  The  oxygen  consumed  may  kUo  be  de- 
tenuinod  by  a  comparison  of  the  ingoing  and  outgoing  air;  betidef, 
if  the  lutal  aniounu  of  carbonic  acid  and  of  water  given  out  by  the 
lung$  and  skin  are  thus  ascertained  and  the  amount  of  tirine  and  feces 
known,  the  quantity  of  oxygen  is  determined  liy  it  simple  calculation. 
For  evidently  the  difference  between  the  terminal  weight  plus  all  the 
egesta  and  the  initial  weight  plus  ail  the  inge^ta  can  be  nothing  else 
than  the  weight  of  the  oxygen  ub^iorbcd  during  the  period.  This  method 
in  turn,  however,  is  also  open  to  objeci.icn!>,  eince  minute  errors  in  the 
sample  determinationi  acquire  by  multipliiiilion  considerable  dimensions. 
It  sccmR,  moreover,  undesirable  to  leave  the  qniinlily  used  of  so  impor- 
tant an  element  as  oxygen  to  be  determined  by  indirect  enlrulations. 

Let  us  imagine,  then,  an  experiment  of  this  kind  to  have  been 
completely  carried  out,  that  the  animal's  initial  and  terminal 
weights  have  been  accurately  determined,  the  composition  of  the 
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food  satisfactorily  kuowu  to  (Xtnsisl  of  8<.»  much  proteid,  fat,  carbo- 
hydrates, salts,  and  water,  and  to  contaio  bo  much  nitrogen  and 
carbon,  the  weight  of  the  fecee  and  the  nitrogen  they  contaiD 
ascertained,  the  nitrogen  of  the  urine  determioed,  the  carbooic 
acid  and  water  given  off  by  the  whole  body  carefully  measured, 
and  the  amount  of  oxygen  absorbed  calculated — what  interpre- 
tation can  be  placed  on  the  result? 

Let  us  suppose  that  the  animal  haa  ^ined  w  in  weight  during 
the  period.  Of  what  doea  ir  coiiHst  ?  l»  it  f»t  ur  proteid  material 
which  has  been  laid  on,  or  simply  water  which  has  been  retained, 
or  some  of  one  and  of  the  other?  Let  us  further  suppose  that 
the  nitrogen  of  the  urine  pfl(!:^ed  during  the  period  is  Icsa,  say  by 
7  grammes,  than  the  nitrogen  in  the  tood  taken,  of  course  tmr 
deduction  of  the  nitrogen  in  the  feces.  This  means  that  z 
grammes  oC  nitrogen  have  been  retained  in  the  body;  and  we  may 
with  reason  infer  that  they  have  been  retained  in  the  form  of 
proteid  material.  We  may  even  go  further  and  say  that  they 
are  retained  in  the  form  of  tlesh — i.  r,  of  rouscle.  In  this  infer- 
ence we  are  going  somewhat  beyond  our  tether,  for  the  nitrogen 
might  be  stored  up  as  hepatic,  or  splenic,  or  any  other  form  of 
protoplasm.  Indeed,  it  might  be  for  the  while  retained  in  the 
form  of  some  nitrogenous  crystalline  body  ;  but  this  last  event  is 
unlikely  ;  and  if  we  use  the  word  "  flesh  "  to  mean  protoplasm  of 
any  kind,  contractile  or  metabolic,  or  of  any  other  kind,  we  may 
without  fear  of  any  great  error  reckon  the  deficiency  of  j:  grammes 
nitrogen  as  indicating  the  storing  up  of  a  grammes  flesh.  There 
still  remain  w — a  grammes  of  increase  to  be  accounted  for.  I^t 
us  sup|>oti«  that  the  total  carbon  of  the  egesta  has  been  found  to 
be  y  grammes  less  than  that  of  the  ingcsta ;  in  other  words,  that 
y  grammes  of  carbon  have  been  stored  up.  Some  carbon  has 
been  stored  up  in  the  flesh  with  the  nitrogen  just  considered ; 
this  we  must  deduct  from  ^,  and  we  shall  then  nave  y'  grammes 
of  carl>on  to  account  for.  Now,  there  are  only  two  principal 
forms  in  which  carbon  can  be  stored  up  in  the  body :  as  glycogen 
or  as  fat.  The  former  is  even  in  most  favorable  cases  incon- 
siderable, and  we  therefore  cannot  err  greallv  if  we  consider  the 
nHention  of  y  grammes  carbon  as  indicatiug  the  laying  on  of  6 
gruinniOH  fut.  If  a-f  &  arc  found  equal  to  u\  then  the  whole  change 
In  the  economy  is  known;  if  w — ^a-f6)  leaves  a  residue  e,  we 
infer  that  in  n<)dition  to  the  laying  on  of  flesh  and  fat  some  water 
has  been  retnined  in  the  system.  If  ir~{a-\-b)  gives  a  negative 
qiiuntity,  then  water  must  have  been  t^iven  ofl'  at  the  same  time 
that  flesh  and  fat  were  laid  on.  In  a  itimilar  way  the  nature  of 
a  loss  of  wcJebl  can  be  oscertjiined.  whether  of  flesh,  or  fat,  or  of 
w»  It  of  each.     The  careful  compari84in,  the 

it  of  iuoume  and  output,  enables  us, 
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with  the  cautions  reoHered  necessary  by  the  assuniptious  just 
now  mentioned,  lo  infer  the  nature  and  extent  of  the  bodily 
changes.  The  results  thus  gained  ought,  of  course,  if  an  account 
is  kept  of  the  water  taken  m  and  given  out,  to  agree,  with  the 
amount  of  oxygen  consumed,  and  also  Ui  tally  with  the  cud- 
elusions  arrived  at  concerning  the  retention  or  the  reverse  of 
water. 

Having  thus  studied  the  method  and  seen  its  weakness  as  well 
as  ita  strength,  we  may  briefly  review  the  results  which  have 
been  obtained  by  its  means. 

Kitrogenous  Metabolism. — When  a  diet  of  lean  meat,  as  free 
aa  possible  from  fat,  is  given  to  a  dog,  which  hat*  previously  been 
deprived  of  food  for  some  time,  and  whose  bixly  therelbre  is 
greatly  deticient  in  flesh,  it  might  be  expected  that  the  great 
mass  of  food  would  be  at  once  stored  up,  and  only  a  small  quaa* 
tity  be  immediately  worked  off  as  an  additional  quantity  of  urea, 
occasioned  by  the  increased  labor  thrown  on  the  economy  by  the 
very  presence  of  the  food.  This,  however,  is  not  the  case;  the 
larger  portion  (lasses  off  as  urea  at  once,  and  only  a  comparatively 
small  quantity  is  retained.  If  the  diet  be  continued — and  we  are 
supptjsiug  the  meals  given  to  be  ample  ones — the  proportion  of 
the  nitrogen  which  is  given  ofT  in  the  form  of  urea  goes  on  in- 
creasing until  at  last  a  condition  is  established  in  which  the 
nitrogen  of  the  egeata  exactly  equals  that  of  the  ingesta.  This 
condition,  which  is  spoken  of  as  nitrogenous  equilibrium,  is  at- 
tained in  dogs  with  an  exclusively  meat  diet  only  when  large 
quantities  of  food  are  given,  and  is  not  easily  maintaine<i  for  any 
length  of  time.  The  exact  quantity  of  meat  required  to  attain 
nitrogenous  equilibrium  varies  witli  the  previous  condition  of  the 
dog;  it  is  frequently  seen  when  1500  or  ISOO  grros.  of  meat  are 
given  daily.  Thus  the  most  striking  effect  of  a  purely  nitro- 
genous diet  is  largely  to  increase  the  nitrogenous  metabolism  of 
the  body.  This  result  has  been  explained  by  supposing  that  with 
the  meat  diet  the  consumption  of  oxygen  is  largely  increased  ;  in 
other  words,  that  the  oxidizing  activity  of  the  body  is  directly 
augmented  by  a  meat  diet.  This,  in  turn,  muv  be  due  in  part 
to  the  fact  that  proteid  forjd  largely  increases  the  number  of  the 
red  corpuscles,  and  so  augments  the  amount  of  oxygen  with 
which  the  tissues  are  supplied;  but  as  we  have  already  urged 
more  than  once,  the  oxidative  activity  of  the  tissues  is  determined 
by  the  tissues  themselves  rather  than  by  the  mere  ubun<lance  of 
oxygen  at  their  disposal ;  and,  probably^  other  agencies  are  at 
work. 

When  nitrogenous  equilibrium  is  established,  it  does  not  mean 
that  a  body-equilibrium   is  established,  that   the   body-weight 
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bl<^,  or  rather  on  the  lymph  which  is  the  mirklleman  between 
theiiidelvesaad  the  actual  blooil  tlowiii^  in  the  vascular  chauuels. 
Now,  we  have  previously  insiated  at  length  ou  the  view  that  do 
oxidative  changes  on  a  large  scale  take  place,  as  was  once  thought} 
in  the  blood.     The  proteid  fnelaboJiuin  which   we  arc  now  con- 
Bidering  or  rather  the  destructive  part  of  that  metabolism  (and 
to  avoid  the  inlroiluction  of  a  new  word   we  may  venture,  in 
using   the  word   metabolism,  to  leave   the  context  to  explain 
whether  the  whole  series  <»f  changes  constructive  and  destructive, 
or  the  constructive  changes  alone,  or  the  destructive  changes 
alune,  are  intended)  is  fundamentally  oxidative  in  character, 
au'i  wti  may  therefore  aasume  that  the  large  proteid  metabolism 
which  we  are  considering  doea  not  go  on  la  the  binod.     In  <tther 
words,  the  metabolism  of  proteids  and  the  reduotion  of  their 
nitrogenous  residua^  into  urea  or  into  immediate  antecedenla  of 
urea  is  carried  out  by  the  agency  of  the  elements  of  the  tissues. 
In  a  tistiue  unit,  however,  such  as  a  muscle  Bb re  or  gland-cell, 
we  must  distingtiish   between  the  actual   living  protoplasm  or 
modified  protoplasm,  the  morphological  framework,  so  to  speak, 
and  the  material  or  substances  solid  or  in  solution,  which  are 
lodged  in  the  spaces  of  the  framework,  which  are  not  part  of 
the  living  unit  but  rather  form  a  sort  of  internal  medium  to  the 
unit  itself,     And  we  may  readily  conceive  of  the  living  unit 
affecting  changes,  and  even  profound  changGi<.  in  this  its  internal 
medium,  without  the  substances  thus  changed  ever  becoming  an 
integral   part  of  the   living  unit  itself.     Moreover,  we  can  also 
conceive  of  the  unit  as  a  whole  producing  changes  in  the  lymph 
surrounding  it,  much  in  the  same  way.  as,  according  to  some 
observers,  the  yeaat-cetl  produces  changes  in  the  molecules  of 
sugar  which  surround  it,  but  which  never  become  part  of  itself. 
We  may,  therefore,  in  the  case  of  proteids,  follow  Voit  and 
others  in  distinguishing  between  the  proteids  on  the  one  hand 
which  actually  become  part  of  living  units  and  which  may  be 
called '^tisaue-proteida"  or  "  morphotic  proteidK,"  and  those  nn 
the  other  hand  which  are  found  in  the  internal  meshes  of  the 
unit  or  in  the  aiirrouudiug  lynvph  or  in   the  blood,  and  which 
since  they  probably  pass  readily  from  one  medium  to  the  other, 
may  be  spoken  of  as  "  circulating  proteids."     By  older  physiolo- 
giats  at  a  time  when  the  energy  of  bodily  movements,  of  which 
we  shall  s[»eak  directly,  was  supposed  to  come  from  the  direct 
metabolism  of  the  morphotic  proteids  of  muscle,  the  increase  of 
urea  du«  to  food  indepenrJent  of  exertion  was  regarded  as  simply 
arising  from  protoida  meUiboiized  in  the  blood,  and  so  cast  out 
as  useless;  hence  the  phrase,  to  which  we  have  alrejidy  referred, 
of  luxus  consumption.     We  now  know,  however,  as  will  j)re»- 
ently  be  pointed  out,  that  the  energy  of  bodily  movements  does 
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not  come  from  the  metabolism  of  the  proteida  of  muscle,  and  we 
have  already  seen  that  oxidations  on  a  large  scale  do  not  take 
place  in  the  blood.  Hence  this  view  of  a  luxus  cf>naumptioD  la 
no  longer  tenable.  There  still  remains,  however,  the  difficulty 
of  supposing  that  every  grain  of  urea  which  passes  from  the 
body  after  a  rich  proteid  meal  is  the  issue  of  the  metabolism 
of  a  quantity  of  proteid  previously  existiog  as  an  integral  part 
of  some  tissue  unit;  in  other  words,  it  seems  unlikely  that  simply 
as  the  result  of  such  a  meal,  the  actual  living  proteid  framework 
of  the  body  should  be  so  largely  renewed.  Moreover,  the  con- 
trast between  that  part  of  the  daily  urea  which  is  variable  and 
fluctuatiug  and  that  jmrt  which  is  more  constant  has  to  be  ex- 
plained. Hence  has  arisen  the  view  that  the  sources  of  urea 
are  twofold,  corresponding  to  the  metabolism  of  two  distinct 
categories  of  the  proteids  of  the  bmly.  On  the  one  hand,  part 
of  the  urea,  especially  that  which  appears  as  the  immediate 
result  of  food,  is  supposed  to  be  derived  from  the  mctabolit»m  of 
what  we  defined  above  as  *'  circulating  proteids,"  while,  on  the 
other  hand,  a  certain  (presumably  smaller)  portion  is  really  due 
to  the  metabolism  of  the  '* tis8ue-proteid8" — i.e.,  of  the  actual 
living  framework  of  the  body. 

We  niuKt  not  attempt  to  discuEis  this  view  at  length,  and  indeed 
our  knowledge  is  inadequate  for  the  purpose.  We  have  not  as  yet 
a  measure  of  the  rate  at  which  the  metabolism  of  the  living  unit 
does  or  may  take  place,  and  the  arguments  in  favor  of  a  metabolism 
of  circulating  proteids  are,  at  present,  of  a  very  indirect  character. 
Moreover,  it  is  possible  that  the  rapid  proteid  metabolism  indi- 
cated by  the  great  increase  of  urea  which  follows  U|>on  a  meal 
rich  in  proteida,  may  be.  as  we  have  hinted,  merely  a  destructive 
digestion  of  the  proteids  while  they  still  are  retained  in  the  ali- 
mentary canal. 

We  may,  however,  call  attention  to  a  possible  analogy  between 
the  history  of  proteids  and  that  of  fatfl  and  carbohydrates.  The 
uniform  composition  of  the  blood,  which  the  botly  seems  ever 
striving  to  maintain,  probably  applies  to  ita  proteids  as  well  as 
to  iu  other  constituents.  We  have  seen  that  a  surplus  of  non- 
nitrogenous  materials  in  the  blood  is  with^Tuvju  from  the  circula- 
tion and  stored  up  as  fat  or  trlycogen.  at^A  vt  \%  jxiseible  that  an 
excow  of  proloids  might  sinjilariv  be  sto  ^*^'*  "V  >»  Borae  tissue  or 
(ifisiicH;  (hn     "  ifie  factsi-!  '  'v       '^^'^^^^^A,U  w  obvious 

lh«*  fill  . irf^^^ ^"^  ^*«  of  lau  and 
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The  Effects  of  Fatty  and  of  Carbohydrate  Fool— Unlike  those 
of  jiroteiii  fi>o(J,  the  effects  of  fats  and  carboliytlrato^  rannnt  be 
studied  alone.  When  an  animal  is  fed  dimply  on  nonuilrogenoua 
food,  death  soon  takes  place ;  the  food  rapidly  ceases  to  be  digested, 
and  slurvfttion  ensues.  We  can,  therefore,  only  study  the  dietetic 
effect*  of  these  substances  when  they  are  taken  together  with 
proteid  material. 

When  a  amall  quantity  of  fat  is  taken,  in  company  with  a 
fixed  moderate  ijuautity  of  proteid  material,  the  whole  of  the 
carbon  of  the  f»K>d  reappears  in  the  egesta.  Ko  fat  is  stored  up ; 
some  even  of  the  previously  existing  fat  of  the  body  may  be  con- 
sumed. As  the  fat  of  the  meal  is  increased,  a  point  is  soon 
reached  at  which  carbon  is  retained  in  the  body  as  fat.  So,  also, 
with  starch  or  sugar ;  when  the  quantity  of  this  is  small,  there  is 
no  retention  of  carbon;  as  soon,  however,  as  it  is  increased  be- 
yond a  certain  limit,  carbon  is  6tore<l  up  in  the  form  of  fat  or,  tu 
a  smaller  extent,  as  jylycogen.  Fats  anr]  carbohydrates,  there- 
fore, differ  markedly  from  proteid  fwjtl  in  that  they  are  not  so 
distinctly  provocative  of  metalwHsm,  This  is  exceedingly  well 
shown  in  the  results  of  Lawes  and  Gilbert,  for  in  the  pig  pre- 
viously mentioned  47'i  parts  of  fat  were  laiil  on  for  every  KM) 
parts  of  fat  taken  as  such  in  the  food  (which  consisting  of  barley- 
meal,  etc..  contained  a  very  fimHll  amount  of  actual  laL).  while  of 
every  100  parts  ot  the  total  dry  non-nitrngenoua  food,  including 
frtt,  filiirch.  cellulose,  etc.,  no  less  than  21  .*2  parts  were  retained 
in  the  body  in  the  form  of  fat.  No  clearer  proof  than  this  could 
be  afforded  that  fat  is  formed  in  the  body  out  of  something  which 
is  not  fat. 

As  one  might  imagine,  the  presence  of  fat  or  carbohydrates  in 
the  food  is  found  to  decrease  the  amount  of  proteid  metabolism 
necessary  to  establish  nitrogenous  equilibrium.  For  instance, 
with  a  diet  of  800  grms.  meat  and  loO  grms.  fat,  the  nitrogen  in 
the  egesta  became  equai  to  that  in  the  ingesta  in  a  dog,  in  whose 
case  1800  grme.  meat  had  to  be  given  to  produce  the  same  result 
in  the  alieence  of  fat*  or  carbohydrates. 

On  the  other  hand,  it  was  foumi,  that  with  a  fixed  quantity  of 
fatty  or  carbohydrate  fmnl,  an  increase  of  the  accompanying 
proteid  led  not  to  a  storing  up  of  the  surplus  carbtm  conlained 
in  the  extra  quantity  of  proteid,  but  to  an  increase  in  the  con- 
sumption of  carbon.  Proteid  food  increaaea  not  only  proteid  but 
also  non-nitrogenous  metabolism.  This  explains  how  an  excess 
of  proteid  food  nmy,  by  the  increase  of  metabolism,  actually 
reduce  the  fat  of  the  body. 

There  can  be  no  doubt,  then,  that  both  a  proteid  diet  and  a 
carbohydrate  diet  may  give  rise  to  the  formation  of  fat  within 
the  body.    And  the  question  which  we  have  already  Cp.  504"^ 

46* 


534      THE  METABOLIC  PHKNOMBNA  OF  THE  BODY. 

partly  discussed  conies  again  before  us.  In  whnt  way  is  this  fat 
BO  formed?  la  the  sugar,  arising  during  digestion  from  the 
carbohydrate,  converted  by  a  series  of  fermentative  changes  into 
fat?  Or  is  the  sugar  directly  consumed  by  the  tissues  in  oxida- 
tive ehangeS)  by  which  means  the  fatty  derivatives  of  the  ineta- 
boHzed  proteids  are  sheltered  from  oxidation  and  stored  up  as 
fat?  This  is  a  vexed  question  which  has  been  hotly  debated. 
Many  observers  hold  strongly  to  the  latter  view,  and  hence  con- 
tend that  all  fattening  food  must  contain  a  supply  of  proteids 
adequate  to  provide,  by  their  decompobition,  the  carbon  of  the 
fat  which  it  is  desired  to  lay  up.  The  balance  of  evidence,  how- 
ever, seems  to  be  in  favor  of  the  view  that  carbohydrates  may 
be,  in  some  way,  directly  converted  into  fat.  and  that,  therefore, 
fattening  foods  need  not  necessarily  contain  any  auch  definite 
proportion  of  proteids. 

We  have  at  present  no  exact  information  concerning  the 
nutritive  ditterences  between  fats  and  carbohydrates,  beyond  the 
fact  that  in  the  final  combustion  of  the  two,  while  carbohydrates 
require  sufiicient  oxygen  to  combine  with  tlieir  carbon  only, 
there  being  already  sufficient  oxygen  in  the  carbohydrate  itself 
to  form  water  with  the  hydrogen  present,  fats  require  in  addition 
oxygen  to  burn  ofl'eorae  of  their  hydrogen.  Hence,  in  hcrbivora 
a  larger  portion  of  the  oxygen  cousumed  reappears  in  the  car- 
bonic acid  of  the  egesta,  than  in  carnivora,  where  more  of  it 
leaves  the  body  as  formed  water:  the  proportions  of  the  oxygen 
in  the  carbonic  acid  expired  to  the  oxygen  consumed  being  on 
an  average  90  per  cent,  in  the  former  and  60  per  cent,  in  the 
latter.  When  a  herbivorous  animal  starves,  it  feeds  (m  its  own 
fat,  and  under  these  circumstances  the  oxygen  proportion  in  the 
expired  carbonic  acid  falls  to  the  carnivorous  standard.  The 
carbohydrates  are  notably  more  digestible  than  the  fats,  but  on 
the  other  hand  the  fatii  contain  more  potential  energy  in  a  given 
weight.  As  to  the  dietetic,  or  rather  metabolic,  difference  between 
starch  and  sugar,  we  know  uuthing  very  definite;  it  haa  been 
thought,  however,  that  cane-sugar  is  rather  more  fattening  than 
starch. 


The  EflTects  of  Gelatine  Food.— It  is  a  matter  of  common  ex- 

•rience  that  gelatine  will  not  supply  ihf  place  i)f  proteids  as  a 

►nutituont  of  food.     Autuials  M  on  gelatine  togfther  with  fat 

carbohvdmlt*  tilt'  vcr\'  miwli  in  the  baiue  wav  a^  when  they 

"in!    aluue.      Nevertheless,   it 
'1   'liat  the  presence  of  gela- 
uitrogcuous  equilibrium 

protfid  f<iod  when  gelatine 

.  fed  ou  tt  diet  of  gelatine  and  tkl 
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the  excess  of  nitrogen  in  the  excreta  over  tbnt  in  the  ingeetn  is 
less  than  when  tho  same  dog  is  i'ed  on  a  diet  ol*  fat  alone;  that 
is  to  say,  the  gelatine  hai*  sheltered  from  meUiboIifim  some  pro- 
teid  constituents  of  the  body;  and  the  consuuiption  of  fat  also 
seems  to  be  lessened  by  the  presence  of  gelatine.  The^e  facts 
become  intelligible  if  we  suppose  that  gelatine  k  rapidly  split  up 
into  a  urea  and  a  fat  moiety,  in  the  same  way  that  we  nave  seen 
a  certain  quantity  of  pruteid  material  to  be.  It  in  this  direct 
destructive  metabolism  of  proteid  matter  which  gelatine  can 
take  up;  it  seems,  however,  unable  to  imitate  the  othtT  fuuclion 
of  proleid  matter,  and  to  take  part  in  the  formation  of  living 
protoplasm.  What  is  the  cause  of  this  difiereuce,  we  cannot  at 
present  say. 

The  Effects  of  Salts  as  Food. — All  food  contains,  besides  the 
potential  substances  which  we  haw  jost  studied,  certain  valine 
matters,  organic  and  inorganic,  having  in  theniBelves  little  or  no 
latent  energy,  but  yet  cither  absolutely  necessary  or  highly  bene- 
ficial to  the  body.  These  must  have  important  funcli<»n8  in  di- 
recting the  metabolism  of  the  body:  the  striking  distribution  of 
them  in  the  tissues,  the  preponderance  of  sodium  and  chlorides 
in  blood-8enim»  and  of  potassium  and  phoHphates  in  the  red  cor- 
puscles for  instance,  must  have  some  meaning;  but,  at  present, 
we  are  in  the  dark  concerning  it.  The  element  phosphorus  seeniB 
no  less  imjiortaut  from  a  biological  jviint  of  view  than  carbon  or 
nitrogen.  It  is  a.-  absolutely  essential  for  the  growth  of  a  lowly 
being  like  Penicillium  as  for  man  himself.  We  find  it  probably 
playing  au  important  part  a:*  the  conspicuous  constituent  of 
lecitiuu,  wo  find  it  peculiarly  uutiociated  with  the  proteids;  but 
we  cannot  explain  its  role.  The  element  sulphur,  again,  is  only 
second  to  phosphorus,  and  we  find  it  as  a  coustitueut  of  nearly 
all  proteids;  but  we  cannot  tell  what  exactly  would  hap[)en  to 
the  economy  if  all  the  sulphur  of  the  food  were  withdrawn.  We 
know  that  the  various  saline  matters  are  essential  to  health,  that 
when  they  are  not  present  in  proper  proportions,  nutrition  is 
affected,  as  is  shown  by  certain  forms  of  scurvy;  we  are  also 
aware  that  the  properties  and  reactions  of  various  proteid  sub- 
stances are  closely  dependent  on  the  presence  of  certain  salts; 
but  beyond  this  we  know  very  little. 

Lastly,  water  has  an  effect  on  metabolism,  as  shown  by  the 
fact  that  when  the  water  of  a  diet  is  increaseii,  the  urea  is  in- 
creased to  an  extent  beyond  that  which  can  be  explained  by  the 
increase  of  lluid  increasing  the  facilities  of  mere  excretion. 
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Sec.  4. — The  Exekgy  ok  the  Bouv, 

Broadly  apeakiug,  the  auicial  body  is  a  machine  for  convert- 
ing ]w>tentiai  into  actual  energy.  The  (Kdential  energy  iV  sup- 
plied by  food;  this  the  tuetabulisni  of  the  iKnly  convorte  into  the 
actual  energy  of  heat  and  mechanical  labor.  We  have  in  the 
present  section  to  study  what  is  known  of  the  laws  of  this  con- 
version,  and  of  the  distribution  of  the  energy  set  free. 

Tlie  Income  of  Energy. 

Neglecting  all  subsidiary  and  unimportant  sources  of  energy, 
we  may  say  that  the  income  of  animal  energy  consists  in  the 
oxidation  of  food  into  ita  waste  productSf  viz.,  the  oxidation  of 
proteidtt,  fats,  and  carbohydrates  into  urea,  carbonic  acid,  and 
water.  A  principle  laid  down  by  the  chemist  teaches  tliat  the 
potential  energy  of  any  body,  considered  in  relation  to  any 
chemical  change  iu  it,  iii  the  same  when  the  final  result  is  the 
same,  whether  that  result  be  gained  at  one  leap  or  by  a  seriua  of 
Btepa;  that,  for  instance,  the  energy  set  free  by  the  oxidation  of 
1  grm.  of  fat  into  carbonic  acid  and  water  is  the  same,  whatever 
the  changes  forward  or  backward  which  the  fat  undergoes  be- 
fore it  finally  reaches  the  stage  of  carbtmic  acid  and  water;  and 
similarly,  that  the  energy  available  for  the  bofly  in  1  grro.  of 
dry  proLeid  is  the  energy  given  out  by  the  complete  combustion 
of  that  1  grni.,  less  the  energy  given  out  by  the  complete  com- 
bustion of  that  quantity  of  urea  to  which  the  1  grm.  of  proteid 
gives  rise  iu  the  body.  Taking  this  as  our  guide,  we  may  easily 
calculate  the  U)tal  energy  of  any  diet.  The  following  determi- 
nations, expressed  both  in  gramme-degree  (centigrade)  units  ol' 
heat,  and  kilogramme  metre  units  of  work,  may  serve  as  data. 

Tlie  dlnw.'t  oxiiUtittii  of  the  rolluwlni,  trlv'*  Hm  u> 

UrlH  lit  KW^  O.  gnLta.-dfg:.        kjlu  .tii«<t. 

1  grm.  bpof  fht WKiO  3841 

1  grin.  biiUcr 7264  3077 

1  prin.  nrrnwrooi       .....  ^'*\'2  1667 

1  |;rin.  beef  muflclft  purified  with  elbor  .M'M  2ini 

1  Rrm.  urea --*^<i  0»4 

Supposing  that  all  the  nitrogmi  of  proteid  food  goee  out  as 
un-a,  1  grm.  of  dry  proteid.  sucli  an  dried  beef-muscle,  would 
[ive  rise  to  about  i  grm.  of  urea;  heuce 

*  **  k'fi*trt.ilr«t  kilo  -nwt, 

r.'.:.  an 
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Id  11  normal  Jiet,  such  &&  Rauke'Si  p.  525,  would  be  found: 

lOOgxm.  proteid         ....     48G800  18'fOOO 

ion  grin.  Tut        ...                  .     OOfiSKlO  aH41(M) 

240grm.  *tarch 988880  SOTtJHt 


Total  incom© 2281&80  W5G780 

or,  in  round  numbcra,  one  million  kilogramme  mntrcfi. 

The  Expenditure. 

There  arc  only  two  ways  in  whifli  energy  is  set  free  from  the 
body — mechanica]  labor  and  heat.  The  body  loses  energy  in 
producing  muscular  work,  as  in  locomotion,  in  all  kinds  of  labor, 
in  the  movements  of  the  air.  in  reapiration  and  speech,  and, 
though  to  a  hardly  n;cognizable  extent,  in  the  movements  of  the 
air  or  coutiguoua  bodies  by  the  jjul^ations  of  the  vascular  system. 
The  bo*Jy  loses  energy  in  the  form  of  heat  by  conduction  and 
radiatifiu,  by  respiration  and  perspiration,  and  by  the  warming 
of  the  urine  and  feces.  All  the  internal  work  of  the  body,  alt 
the  mechanical  labor  of  the  interna)  muscular  mechanisms  with 
their  accompauying  friction,  all  ihe  molecular  labor  of  the  nor- 
vouB  and  other  tissues,  is  converted  into  heat  before  it  leaves  the 
body.  The  most  intense  mental  action,  unaccompanied  by  any 
muscular  manifestations,  the  most  energetic  action  of  the  heart 
or  of  the  bowels,  with  the  slight  exceptions  mentioned  above, 
the  busiest  activity  of  the  secreting  or  metabolic  tissues,  all  these 
end  simply  in  augmenting  the  expenditure  of  income  in  the  form 
of  heat. 

A  normal  daily  expenditure  in  the  way  of  mechanical  labor 
can  be  easily  determined  by  observation.  Whether  the  work 
take  on  the  form  of  walking,  or  of  driving  a  machine,  or  of 
any  kind  of  muscular  toil,  a  good  day's  work  may  be  put  down 
at  about  150,000  kilo^ramme-raetres.  The  unrniul  daily  ex- 
peudlture  in  the  way  oi  heat  cannot  be  so  readily  determined. 
Direct  calorimotric  ubservatiuus  are  attended  with  this  difficulty, 
that  the  body  while  within  the  calorimeter  is  placed  in  abnormal 
conditions,  which  produce  an  abnormal  metabolism.  Hence 
results  arrived  at  by  this  method  are  of  iittle  value  unless  they 
be  accompanied  by  a  comparison  uf  the  egesta  and  ingesta,  so 
that  the  rate  and  nature  of  the  metabolism  going  on  may  be 
known.  Many  attempts  have  been  made  to  calculate  the  amount 
in  an  indirect  manuer.  As  trustworthy  as  any  is  the  plan  of 
simply  subtracting  the  normal  dailv  mechanical  expenditure 
from  the  normal  daily  incoaie.  Thus,  150,000  kilogramme- 
metres    subtracted    Jrom     1,000,000    kilogramme-metres    ^ves 
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S50,000  kilognunoKi-meiree  as  tbe  daily  expenditure  in  th«  form 
of  heal — i.  c,  between  one-fifth  and  one-sixth  of  the  total  iDcoue 
b  expended  a^  mechauical  labor,  the  remaining  four-fiAfaa  or 
fivc-Hxths  leaving  ihe  b<)dy  in  the  P>rm  of  heat. 

The  Soojcefl  of  Miucalar  Energy.— Liebi^,  satb&ed  with 
having  prove<l  that  the  animal  body  was  constractive  as  far  a£ 
tbe  formation  of  fat  vtns  ci>ncerned,  still  held  to  the  distinction 
between  nitrogenous  or  plastic  and  non-nitrogeoous  or  respira- 
tory food.  Put  broadly,  his  view  was  that  all  the  nitrogenous 
fiKKi  went  Ui  build  up  the  proteid  ti^uci*,  the  muscular  flesh,  and 
other  form  of  protoplasm,  and  that  the  nitrogenous  cgeata  arose 
Bolely  from  the  functioual  metabolism  of  these  tiasaea,  while  the 
non-uitrogenous  ftxxl  was  used  with  equal  exclusiveuess  for  re- 
spiratory or  calorific  purposes,  being  either  directly  oxidized  in 
the  blood  or.  if  present  in  exoess,  stored  up  as  fatty  tissue.  Ac- 
cnrding  to  him,  the  two  claaaea  of  income  corresp<md  exactly  to 
tbe  two  forms  of  expenditure.  We  have  already  urged  several 
objections  against  this  view.  We  have  seen  that  in  the  blood 
itself  very  little  oxidation  takes  place,  that  it  is  the  active  tiasue, 
and  not  the  passive  blood-plasma,  which  is  the  seat  of  oxidation. 
We  have  further  seen  that  proteid  food  may  undoubtedly  be  in 
Liebig^s  sense  respiratory,  and  incidentally  give  rise  to  the 
storing  up  of  fat.  One  division  of  Liebig*$  view  is  thereby  over- 
thrown. We  have  nojr  to  inquire  whether  the  other  division 
hold»i  g<x>d,  whether  mui^cle  or  other  protoplasm  is  fed  exclu- 

vely  on  the  proteid  material  of  food,  and  whether  muscular 

ergy  comes  exclusively  from  the  metabolism  of  the  proteid 
constituents  of  muscle.  We  have  already  seen  (p.  100)  that 
when  the  mu.'*cle  itself  is  examined,  we  find  no  proof  of  nitro- 
genous waste,  but,  on  the  other  hand,  clear  evidence  of  the  pro- 
duction of  non-nitrogenous  bodies,  such  as  carlwnic  acid.  And 
when  we  ask  the  question.  Does  muscular  exercise  increAse  the 
urea  given  oif  by  the  body  as  a  whole?  for  this,  according  to 
Liebig'a  the/iry,  it  certainly  ought  to  do,  the  evidence  we  can 
obtain,  though  somewhat  conflicting,  gives  oo  the  whole  a  de- 
cidedly negative  answer.  Exercise,  even  severe,  appears  not 
necessarily  to  increase  the  urea  of  tbe  urine. 

More  than  this,  the  experience  of  Fick  and  WisliceDus  lands 
us  in  an  absurdity  if  we  suppose  the  whole  energy  of  muscular 
work  to  arise  from  proteid  metabolism.  These  observers  per- 
formeil  a  certain  amount  of  work  i  an  ascent  of  the  Faulhom) 
on  a  non-nitrogenous  diet,  and  estimateil  the  amount  of  ure* 
passed  during  the  f>eri(Hl.  Assuming  the  urea  to  represent  the 
oxidation  of  so  much  proteid  matter,  which  oxidation  repre- 
sented in  turn  so  muuh  energy  set  free,  they  found  that  whttrans 
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the  actual  W(trk  done  amounle<l  to  l'29.02*i  and  148.656  kilo- 
grani.-kiloiuetroe,  for  each  respectively,  the  total  energy  availa- 
ble from  prDleid  metaboliBni  during  the  periiKl  was  in  the  cflse 
of  the  first  08.69,  and  of  the  second  68.370  kilogram.-kilometres. 
That  la  tu  say,  the  energy  set  free  by  the  proteid  metabolism  of 
the  muscles  engaged  in  the  work  was  at  the  most  far  less  than 
that  necessary  to  accomplibh  the  M'ork  actually  done,  besides 
having  to  provide  for  the  movements  of  rei=ipiralion  and  circula- 
tion. Their  muscular  energy,  therefore,  must  have  had  other 
sources  than  proteid  metabolism. 

That  on  the  contrary  the  production  of  carbonic  acid  is  at 
once  and  largely  increased  by  muscular  exercise  is  beyond  all 
doubt.  One  hour's  hard  labor  will  increase  fivefold  thetiuantity 
of  carbonic  acid  given  oil'  within  the  hour.  And  in  an  experi- 
ment directed  to  this  point  it  was  found  that  a  man  in  24  hours 
consumed  i)o4  grma.  oxygen  and  pmduced  1284  grms.  carbonic 
acid  when  doing  work,  an  agaiust  708  grms.  oxygen  consumed 
and  ^11  grms.  carbonic  acid  produced  when  remaining  at  resti 
the  quantity  of  urea  secreted  being  in  the  first  case  37  grms.,  io 
the  second  .S7.2  grms. 

It  iii  evident  that  the  conclusions  arrived  at  by  the  statistical 
method  entirely  corroborate  those  gained  by  an  examination  of 
muscle  itself,  viz.,  that  during  muscular  contraction  an  explosive 
decomposition  takes  place,  the  non  nitrogenous  products  of  which 
alone  escape  from  the  muscle  and  from  the  body,  any  nitroge- 
nous prwlucts  which  result  being  retained  within  the  muscle.  We 
must,  therefore,  reject  the  second  as  well  as  the  first  division  of 
Liebig's  view;  not  only  is  the  muscle  not  fed  exclusively  on 
proteid  materia],  but  also  its  energy  does  not  arise  from  an  ex- 
clusively proteid  metabolism. 

The  Sources  and  Distribution  of  Heat. — We  have  already 
seen  that  the  conception  of  the  non-nitrogenous  portions  of  food 
being  solely  t*alorifacient  or  respiratory  proves  to  he  unfounded 
when  we  attempt  to  trace  the  history  (»f  the  fcn)d  on  its  way 
through  the  bmiy.  The  Bami:  view  is  still  more  strikingly  shown 
to  be  ina<lequale,  when  we  :*ludy  the  manner  in  which  the  heat 
of  the  body  is  produced.  We  may,  indeed,  at  once  ailirtn  that 
the  heiit  of  the  body  is  generated  by  the  oxidation,  not  of  any 
[>articular  substances,  but  of  the  tissues  at  large.  Wherever 
metabolism  of  protoplasm  is  going  on,  heat  is  being  set  free.  In 
growth  and  in  repair,  in  the  deposition  of  new  material,  in  the 
transformation  of  lifeless  pabulum  into  living  tissue,  in  the  con- 
structive metabolism  of  the  body,  heat  may  be  undoubtedly  to 
a  certain  extent  absorbed  and  rendered  latent — the  energy  of  the 
construction  may  be,  in  part  at  least,  supplied  by  the  heat  present. 
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Boi  all  this,  And  more  tkaa  Uiit,  vix^  the  ImU  pntcat  ta  a  poftea- 
ti&l  form  in  the  tahgUaea  ihcBHelTeB  bo  boilt  ap  into  the  iMrae. 
y  loil  to  the  tiMoe  during  its  destnictiT«  BCUbolnm ;  so  that  iIm 
whole  meUboliflni,  the  whole  crcle  of  chnoga  from  the  Ufeleae 
pebulum  through  the  living  Itasoe  back  to  the  lifeless  piodocti 
of  vitai  actiuo,  is  eminently  a  source  of  heat. 

Of  all  the  tissnes  of  the  body  the  moscles,  not  only  from  their 
bulk,  forming  as  ther  do  so  large  a  portion  of  the  whole  fnune, 
but  also  from  the  characten  of  their  metabolism,  musi  be  re- 
garrle^l  n»  the  chiei'  sources  of  heat. 

In  treating  (p.  101)  of  the  thermal  changes  in  muscle,  we  have 
wen  that  in  the  total  energy  expended  in  a  muscular  contraction, 
the  ratio  of  that  which  ap|>ear8  as  beat  to  that  which  appears  as 
external  work  is  variable.  If  we  take  what  i^  somewhac  below 
the  mean  result,  and  assume  that  the  energy  involved  in  the 
work  done  in  a  muscular  contraction  is  about  one-tenth  of  the 
total  energy  expended,  the  rest  going  out  as  heat,  then,  upon  the 
calculation  that  the  total  external  work  of  the  body  is  about 
one-fifth  of  the  total  energy  »et  free  in  the  body,  it  is  clear  that 
the  heat  given  out  by  the  muscles,  even  at  those  times  only  when 
they  are  eoutnurting,  must  form  a  very  large  part  of  the  total 
beat  given  out  by  the  body.  But  the  skeletal  muscles,  though 
frequently,  are  not  continually  contracting;  they  have  periods, 
at  times  loDg  periixlB,  of  rest;  and  during  these  periods  of  rest, 
metabolism,  of  a  subdued  kind  it  is  true,  but  still  a  metabolism 
involving  an  expenditure  of  energy  is  going  on.  This  quiescent 
metabolism  mu»(t  aUo  give  rise  to  a  certain  amount  of  heat ;  and 
if  we  add  this  amount,  which  in  the  present  state  of  our  knowl- 
edge we  cannot  exactly  gauge,  to  that  given  out  during  the 
movements  of  the  body,  it  is  very  clear,  even  in  the  absence  of 
exiu't  dtita,  iliat  the  metahiolism  of  the  muscles  must  supply  a 
very  large  proportion  uf  the  total  heat  of  the  body.  They  are 
par  exceltonce  the  thermogenic  tissues. 

Next  to  the  muscles  in  importance  come  the  various  secreting 
glands.  In  these  the  protoplasm,  at  the  periods  of  secretion  at 
all  events,  is  in  n  state  of  metabolic  activity,  which  activity,  as 
elsewhere,  rauat  give  rise  tu  heat.  In  the  case  of  the  salivary 
glnnd  of  the  dog,  the  temperature  of  the  saliva  secreUHl  during 
stimulation  of  the  chorda  has  been  found  to  be  as  much  as  1°  or 
i.f}^  higher  than  that  of  the  blood  in  the  carotid  artery  at  the 
same  time,  and  in  all  probability  the  investigation  of  other 
•eoretJng  glands  would  lead  to  similar  results.  Of  all  these 
varioun  glamls,  the  liver  deserves  special  attention  on  account  of 
its  size  and  large  ttiipplv  of  blood,  and  because  it  appears  to  be 
continually  at  work.  We  tind,  indeed,  that  the  blood  in  the 
hepatic  veins  is  the  warmest  in  the  body.    Thus,  in  the  dog  a 
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temperftture  of  40.73^  C.  haa  been  observed  in  the  hepatic  vein, 
while  that  of  the  veua  cava  inferior  was  SH.SS'^  to  H^JjH^,  and 
that  of  the  right  heart  37.7^.  The  fact  that  the  blood  of  the 
hepatic  vein  is  warmer  than  that  of  either  the  [Kirtnl  vein  or  the 
aorta,  shows  that  the  increased  temperature  ia  not  due  simply  to 
the  liver  being  far  remuved  from  the  surface  of  the  l)ody. 

The  brain  too  may  be  regarded  as  a  source  of  heat,  since  ita 
temperature  iii  higher  than  that  of  the  arterial  blood  with  which 
it  is  Bupplied;  though  from  the  smaller  quantity  of  blood  passing 
through  its  vessels  it  cannot,  in  this  respect,  compare  with  either 
the  liver  or  the  muscles  as  a  Bource  of  teat  to  the  body. 

The  blood  tlselC  cannot  be  regarded  as  n  source  of  any  con- 
siderable amount  of  heat,  since,  as  we  have  so  fVetjueutly  urged, 
the  oxidations  or  other  metabolic  changes  takiug  place  in  it  are 
comparatively  alight.  The  heat  evolved  by  the  indifferent  tissues 
such  as  bone,  cartilage,  and  connective  tissue  may  be  passed  over 
as  insignificant;  and  we  cannot  even  regard  the  adipose  tissue 
as  a  aeat  of  the  proiluction  of  heat,  since  the  fat  of  the  fat-cells 
18  in  alt  probability  not  oxidized  in  siUi,  but  simply  carried 
away  from  its  place  of  storage  to  the  tissue  which  stands  in  need 
of  it,  and  it  ia  in  the  tissue  that  it  undergoes  the  metaboliam  by 
which  its  latent  energy  is  set  free.  Some  amount  of  heat  is  also 
produced  by  the  changes  which  the  food  undergoes  in  the  ali- 
mentary canal  before  it  really  enters  the  body. 

Hence  taking  a  survey  of  the  whole  body,  we  may  conclude 
that  since  metabolism  is  going  on  to  greater  or  let's  extent  every- 
where, heat  is  everywhere  being  generated  ;  but  that,  looke*!  at 
from  a  quantitative  point  of  view,  the  muscles  and  the  glandular 
organs  must  be  regarded  as  the  main  sources  of  the  heat  of  the 
body,  the  muscles  oeing  iu  all  probability  the  more  iuiportant  of 
the  two. 

But  heat,  while  being  thus  contiuually  produced,  is  as  con- 
tinually being  lost,  by  the  skin,  the  lungs,  the  urine,  and  the  feces. 
The  blood  passing  from  one  part  of  tne  body  to  the  other,  and 
carrying  warmth  from  the  ti^ues  where  heat  is  being  rapidly 
generated,  to  the  ti!*»uca  or  (>rgana  where  heat  is  being  lost  by 
radiation,  conduction,  or  evaporation,  tends  to  equalize  the  tem- 
perature of  the  various  parts,  and  thus  muiutuina  a  *'  constant 
bodily  temperature." 

When  the  production  of  heat  is  not  great  as  compared  with 
the  loss  there  is  no  grcAt  accumulation  of  heat  within  the  body, 
the  temperature  of  which  conseipently  is  but  slightly  raised 
above  that  of  Burrounding  objects.  Tluia  the  lempernture  of  the 
frog,  for  instance,  is  rarely  more  than  0.04^  to  0.05°  C  above  that 
of  the  atmosphere,  though  in  the  breeding  season  the  difference 
may  amount  to  1°.    Such  animals,  and  they  comprise  all  classes 
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except  birds  and  mammals,  arc. spoken  of  oa  cold-blooded.  Ex- 
ceplioDs  among  them  are  not  uncommoo.  Some  fish,  such  as  tlie 
tunny,  are  warmer  than  the  water  in  which  they  live,  and  iu  a 
species  of  Python  (P.  hivitiattu)  a  difference  of  as  much  as  12°  C, 
baa  been  observed,  iliiber  found  that  in  a  beehive  the  tempera- 
ture r(»e  at  tiniea  aa  much  as  to  40^  C.  In  the  so-called  warm- 
blooded animals,  birdst,  and  mammals,  the  loea  and  pro<luction  of 
heat  are  ko  balanced  that  the  temperature  of  the  body  remains 
constant  at.  in  round  numbers,  35^  or  40^  C,  whatever  be  the 
temperature  of  tlie  air.  The  temperature  of  man  is  about 
37.6°  C. ;  in  some  birds  it  is  as  high  as  44°  0.  (Hirundo) ;  and  in 
the  wolf  it  is  said  to  be  as  low  as  35.24*^  C. 

This  temperature  is  with  slight  variations  maintained  through- 
out life.  Ai\er  death  the  generation  of  heat  rapidly  diminishes, 
and  the  body  speedily  beeomes  cold ;  but  for  some  short  time 
immediately  following  upon  systemic  death,  a  rise  of  tem|)erature 
may  be  observed,  due  Lo  the  fact  that,  while  the  metabolism  of 
the  tissues  is  still  going  on,  the  toss  of  heat  is  somewhat  checked 
by  the  cessation  of  the  circulation.  The  onset  of  pronounced 
rigor  mortis  causes  a  marked  accession  of  heat,  and  when  occur- 
ring after  certain  diseases  may  give  rise  to  a  very  considerable 
elevation  of  temperature. 

This  mean  bodily  temperature  of  warm-blooded  animals  is, 
during  health,  maintained,  with  slight  variations  of  which  we 
shall  presently  speak,  within  a  very  narrow  margin,  a  rise  or 
indeed  a  fall  of  much  more  than  a  degree  above  or  below  the 
limit  given  above  beine  indicative  of  some  failure  in  the  organism, 
or  of  some  unusual  influence  being  at  work.  It  is  evident,  ther&- 
*fore,  that  the  mechanisms  whicli  coordinate  the  U«s  with  the 
production  of  heat  must  be  exceedingly  sensitive.  It  is  obvious, 
moreover,  that  these  mechanisms  may  act  wlien  the  bodily  tem- 
perature is  tending  to  rise,  by  either  checking  the  production  or 
by  augmenting  the  loss  of  heat;  and  when  the  bodily  tempera- 
ture is  tendioj^  to  I'all,  by  either  increasing  the  production  or  by 
diminishing  the  loss  of  heat.  As  the  regulation  of  tem|ierftiure 
by  variations  in  the  loss  of  heat  is  better  known  than  reirulation 
by  variations  in  production,  it  will  be  best  to  consider  this  first. 

Regulation  by  Variatioas  in  Loss. — Heat  is  lost  to  the  body 
by  the  warming  of  the  feces  and  of  the  urine,  by  the  warming  of 
the  expired  air,  by  the  evaporation  of  the  water  of  respiration, 
by  conduction  and  radiation  from  tiie  skiu,  and  by  the  evapora- 
*"  *^»«  water  of  jterspiration.  It  baa  been  calculated  that 
«"unla  of  the  loat*  liy  tbeac  several  channels  are  as 
DS  the  fecea  O'"^^  ""ne  about  S,  or,  according 
I      By  reeF^r^^^n  about  20,  or.  according 
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to  others,  about  only  9  per  cent.,  leaving  77,  or  alternatively  85, 
per  cent^  for  conduction  and  radiation  and  evaporation  by  the 
skin. 

The  two  chief  means  of  lu»8,  then,  which  are  at  all  susceptible 
of  nny  great  amount  of  variation,  and  which  can  be  used  to 
regulate  the  temperature  of  the  body,  are  the  skin  and  the  lungs. 

The  more  air  passes  in  anH  ont  of  the  lungs  in  a  given  time, 
the  greater  will  be  the  loss  in  warmmg  the  expired  air,  and  in 
evaporating  the  water  of  respiration.  And  in  such  animals  as 
the  dog,  which  do  not  perspire  freely  by  the  ekin,  respiration  ia 
a  must  important  means  of  regulating  the  temperature.  The 
changes  which  give  rise  to  this  loss  lake  place  before  the  inspired 
air  reaches  the  pulmonary  alveoli;  both  the  warming  and  the 
evaporation  being  effected  in  the  nasal  and  pharyngeal,  and  to 
some  extent  in  the  bronchial  passages.  Some  observers  have 
maiutained  that  the  lefl  side  of  the  heart  is  wanner  than  the 
right,  aLul  hence  argued  that  chemical  changes  leading  to  a  con- 
siderable development  of  heat  take  place  in  the  pulmonary  capil- 
laries. It  wotild  appear,  however,  that  the  right  ventricle,  owing 
to  its  lying  nearer  to  the  liver,  the  high  temperature  of  which  has 
already  been  mentioned,  is  in  reality  rather  hotter  than  the  left. 
And,  indeed,  we  have  no  satisfactory  evidence  of  any  large 
amount  of  heat  being  produced  by  any  pulmimary  melaboliem. 

The  great  regulator,  however,  ib  undoubtedly  the  f*kin.  The 
more  blood  pa«»es  through  the  Kkin  the  greiitcr  will  be  the  loss 
of  heat  by  conduction,  radiation,  and  evaporation.  Hence,  any 
action  of  the  vaso-motor  mechanism  which,  by  causing  dilation 
of  the  cutaneous  vascular  areas,  leads  to  a  larger  flow  of  blood 
through  the  skin,  will  tend  to  cool  the  body;  and,  conversely, 
any  vaso-motor  action  which,  by  constricting  the  cutaneous  vas- 
cular arena,  or  by  dilating  the  splanchnic  vascular  areas,  causes 
a  smaller  flow  through  the  skin,  and  a  larger  flow  of  blotnl  through 
the  abdominal  viscera,  will  tend  to  heat  the  body.  Hesides  this, 
the  special  nerves  of  perspiration  will  act  directly  as  regulators 
of  temperature,  increasing  the  loss  of  heat  when  they  promote, 
and  lessening  the  loss  when  they  cease  to  promote,  the  secretion 
of  the  skin.  The  working  of  this  heat-regulating  niechanisra  is 
well  seen  in  the  case  of  exercise.  Since  every  muscular  contrac- 
tion gives  rise  to  heat,  exercise  must  increase  for  the  time  being 
the  production  of  heat ;  yet  the  btwiily  temperature  rarely  rises 
80  much  as  a  degree  centigrade,  if  at  all.  By  the  exercise  the 
re8|»iration  is  quickened,  and  the  lo&s  of  heat  by  the  lungs  in- 
creased. The  circulation  of  blood  is  also  quickened,  and  the 
cutaneous  vascular  areas  becoming  dilated,  a  larger  amount  of 
blood  passe*  through  the  skin.  Added  to  this,  the  skin  perspires 
freely.     Thus,  a  large  amount  of  heat  is  lost  to  the  body,  sufit- 
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When  a  wann-bUKxled  animal  ie  poiconed  by  urari,  the  tem- 
perature falls  and  the  melalMilism,  mt^aaured  by  the  consumption 
of  oxygen  and  the  pruductiun  of  carboojc  acid,  sinks  alao;  and 
that  title  latter  i.-^  the  cause,  not  the  efiect,  of  the  former  b  shoirn 
by  the  fact  that  the  metab<jlisni  continues  to  fall  though  Ion  of 
beat  be  prevente<l  by  surrounding  the  auimals  with  wrappingaof 
cottuu-wuol.  In  such  a  urarized  animal,  expoaure  to  higher 
teQj|>eratur«i3  augojents,  and  exposure  to  lower  temperatures  di- 
minishes, metabolism;  the  urarized  warm-blooded  aoinial,  in 
lact,  behaves  like  a  cold-blooded  animal.  Similar,  but  perhaps 
not  such  striking  results  are  gained  by  division  of  the  meduija 
oblongata.  After  this  operation  the  temperature  of  the  body 
sinks,  and  the  fall,  though  partly  due  to  increased  loss  of  heat 
by  ihe  skin,  caused  by  the  dilated  condition  of  the  cutaneous 
▼eaaels,  is  also  accompanied  by  diminished  metabolism  and  is, 
therefore,  in  part  due  to  diminished  production  of  heat.  And 
when  an  animal  is  in  this  condition,  exposure  to  higher  tempera- 
tures increases,  and  ex|>osure  to  lower  teniperaiurea  diniintshea 
the  bodily  metabolism.  We  can  best  explain  these  results  by 
BupiKMiug  that,  uuder  normal  conditions,  the  muscles,  which,  as 
we  have  seen,  contribute  ao  largely  to  the  total  heat  of  the  body, 
are  placed,  by  means  of  their  motor  nerves  aud  the  ceutral  ner- 
vous fiystem,  in  some  special  connection  with  the  skin,  «o  that  a 
lowering  of  the  temperature  of  the  skin  leads  to  an  increase, 
while  a  heightening  of  the  temperature  of  the  skin  leads  to  a 
decrease,  of  the  muscular  metabolism.  Further,  though  the 
matter  has  not  yet  beeu  fully  worked  out,  the  centre  of  this 
thermotaxic  reflex  mechanism  appears  to  be  placed  above  the 
medulla  oblongata,  jtoraibly  in  the  region  of  the  pons  Varolii. 
When  urari  is  given,  the  reflex  chain  is  broken  at  its  muscular 
end ;  when  the  spinal  curd  is  divided,  the  break  if>  nearer  the 
centre.  Whether  we  ehuuld  conclude  that  the  working  of  this 
reflex  mechanism  is  of  such  a  kind  that  cold  to  the  skin  excites 
the  centre  to  a  heat-producing  activity,  or  of  such  a  kind  that 
warmth  to  the  skin  inhibits  a.  previouftly  existing  automatic 
activity  cf  the  centre,  may  be  leil  for  the  nresent  undetermined. 

We  may  add  lliat  the  muscular  motaboliHni  which  thus  heljis 
to  regulate  tenipemlurc,  nee«l  not  involve  visible  muscular  con- 
tractions, thmigh  thu  iirat  given  out  by  a  muscle  will  be  tempo- 
rarily inor"»i>;*'.l  i>!  iv^rv  roniuuii.iii:  »uil  that  the  regulative 
nervouB  ui*  ■*•■  ovorUnrno  by  an  expo- 

sure t"  *  '  ■'    insiauce.  the  cold  to 

whioli  *«vt,  the  reaction  of 

i\u     '  --nnHl  the  <k'pres6- 
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Lastly,  we  have  iDcreaaing  evidence  that  the  phenomena  of 
fever  are  due,  uot  merely  to  a  deraugement  of  the  regulation  hy 
loee,  though  this  may  be  a  factor,  but  also,  and  indeed  chiefly,  to 
an  increased  production  of  heat;  for  in  fever,  the  production  of 
carbonic  acid,  and  the  consumption  of  oxygen,  that  is  to  say,  the 
metabolic  changes  of  the  tissues,  are  increased. 

We  may  regard  it  then  as  eatablisheil  that  such  a  thcrmotaxic 
nervous  mechanism  does  exist,  and  the  importance  of  such  a 
mechauiam  in  explaining  not  only  the  maintenance  of  the  normal 
teniperatiire,  but  the  abnormal  variations  of  temperature  in  dis- 
ease can  hanlly  be  exaggerated.  Much,  however,  still  requires 
to  be  learnt  before  we  can  sjieak  with  full  conHdence  as  to  its 
exact  nature,  or  expound  with  certaiuity  the  details  of  its  work. 

By  regulative  mechanisms  of  this  kind  the  temperature  of  the 
warm-blooded  animal  is  maintained  within  very  narrow  limits. 
In  ordinary  health  the  temperature  of  man  varies  between  36*^ 
and  3H°,  the  narrower  limits  being  36.25"  and  37.5"^,  when  the 
thermometer  is  placed  in  the  axilla.     In  the  mouth,  the  reading 


of  the  thermometer  is  somewhat  ^0.25^  to 


higl 


ler;  in 


the 


rectum  it  is  r<till  higher  (about  0.9^)  than  in  the  m^iuth.  The 
temperature  of  infants  and  children  is  slightly  higher,  and  much 
more  susceptible  of  variation  than  that  of  adults,  and  after  40 
years  of  age  the  average  maximum  temperaturo  (of  health)  is 
somewhat  lower  than  before  that  epoch.  A  diurnal  variation, 
independent  of  food  or  other  circumstances,  has  Ijeen  observed, 
the  maximum  ranging  from  9  a.m.  to  t>  i'.m.,  and  the  minimum 
from  11  P.M.  to  o  A.M.  Meals  cause  sometimes  a  slight  elevation, 
sometimes  a  alight  depression,  the  direction  of  the  influence  de- 
pending on  the  nature  of  the  food — alcohol  seems  always  to  pro- 
duce a  fall.  Exercise  and  variations  of  external  temperature, 
within  ordinary  limits,  cause  very  alight  change,  on  account  of 
the  compensating  Influences  which  have  been  discussed  above. 
The  rise  from  even  active  exercise  does  not  amount  to  1°  C; 
when  labor  is  carried  to  exhaustion^  a  depression  of  temperature 
may  be  observed.  In  travelling  from  very  cold  t/j  very  hot  re- 
gions a  variation  of  less  than  a  degree  occurs,  and  the  tempera- 
ture of  tropical  inhabitants  is  practicalUy  the  same  as  of  those 
dwelling  in  arctic  regions. 

When  external  cold  or  warmth  passes  certain  limits,  or  when 
during  the  application  of  these  agents  the  regulative  mechanisms 
are  interfered  with,  the  temperature  of  the  body  may  be  lowered 
or  raised  until  death  ensues.  When  the  cold  or  warmth  applied 
ia  not  very  great,  as  in  cold  and  warm  hatha,  it  has  been  noticed 
that  the  temt>erature  is  more  easily  raised  by  warmth  than  de- 
pressed by  cold.  Death  ensues  from  extreme  cold  by  a  depres- 
sion of  the  activities  of  all  the  tissues,  more  especially  of  the 
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freaueuUy  ulcers  make  their  appearance  on  the  lips  and  guma. 
Seeing  how  delicate  a  structure  the  eve  is,  and  how  carefully  it  is 
protected  by  the  mechanisma  of  the  evelida  and  tears,  it  seeroe 
reasonable  to  Buppose  that  the  iuHammutiou  in  question  might 
siraply  be  the  result  of  the  irritation  caused  by  dust  and  contact 
with  f(>reign  bodiea  to  which  the  eye,  no  h»nger  guided  and  pro- 
tected by  sensations,  these  being  destroyed  by  the  section  of  the 
nerve,  became  sObject.  In  the  same  way  the  ulcers  on  the  lips 
and  gums  might  be  explained  &&  iujuriea  inflicted  by  the  teeth 
on  those  structures  in  their  insensitive  condition.  And  some  ob- 
servers maiutaia  thai  the  iutlauimation  of  the  eye  may  be  greatly 
lessened  or  altogether  prevented  if  the  organ  be  carefully  cov- 
ered up  and  in  all  possible  ways  protected  from  the  irritating 
influences  of  foreign  bodies.  Other  observers,  however,  have 
failed  to  prevent  the  iutiararaation  in  spite  of  every  care.  This 
negative  result  is  iu  itself  no  strong  argument,  but  the  question 
cannot  yet  be  considered  as  entirely  cleared  up. 

In  a  mammal  division  of  both  vagi  is  followed  by  pueumouia 
( inflammation  of  the  lungs  i  ending  in  death.  This  has  l>ecn 
adduced  as  an  instance  of  the  trophic  action  on  the  pulmonary 
tissues  of  certain  fibres  of  the  vagi,  but  the  real  explanation 
seems  to  be  that  owing  to  a  paralysis  of  the  o^>phagus  and 
larynx  caused  by  section  of  the  vagi.  ftx>d  accumulating  in  the 

harynx  pasfies  into  the  air-passages  and  S4>sets  up  the  pneumonia. 

n  birds  death  follows  sometimes  from  pneumonia  of  a  similar 
causation,  but  more  frequently  from  inanition  on  account  of  the 
food  not  being  able  to  enter  the  stomach.  The  immediate  cause 
of  death,  however,  apjjears  in  many  cases  at  all  events,  both  in 
birds  and  mammals  to  be  a  paralysis  of  the  heart,  and  the  histo- 
logical changes  (acute  fatty  degeneration)  observable  in  the 
cardiac  muscles  arc  of  such  a  character  as  to  suggest  a  trophic 
action  of  the  vagus  fibres  on  the  fibres  on  that  tissue. 

Other  instances  of  nerves  miinifesling  even  a  doubtful  trophic 
action  &»  the  result  of  experimental  interference  are  rare,  yet 
there  seems  to  be  no  reason  why  the  fifth  nerve  or  the  vagus 
should  be  c<MispicuouB  in  possesi^ing  trophic  fibres.  When  the 
sciatic  nerve  of  the  frog  is  divided,  no  nutritive  alterations 
beyond  those  explicable  us  the  result  of  loss  of  function  are 
oMcrved,  and  indeed  the  majority  of  the  effects  on  growth  autl 
nutrition  resulting  from  the  section  of  nerves,  or  from  paralysis, 
ctn  be  referred  to  the  absence  of  the  usual  functional  activitv, 
accompanied  in  some  casoa  with  an  altered  vascular  supply.  It 
must  be  remembered,  however,  that  functional  activity  is  itacif 
the  result  of  metabolic  and  therefore  nutritional  changes,  and  iu 
cases  of  inhibition,  as,  for  instance,  in  the  action  of  the  vagus 
on  the  heart,  we  seem  to  have  illustrations  of  a  nerve  produdng 
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met&bolic  changes  leading  not  to  the  exercise  but  to  the  arrest 
of  functional  uctivity. 

Taking  all  things  into  confiideration,  we  may  venture  to  say 
that  the  numerous  phenomena  of  disease  Joined  to  the  facts  men- 
tioned above,  turn  the  balance  of  evidence  in  favor  of  the  view 
that  some  more  or  less  direct  iuiluence  of  the  nervous  system  on 
metabolic  actions,  and  so  on  uutritiou,  will  be  ealablished  by 
future  inquiries. 


Se(\  0. — Djetetio*. 


We  may  sum  up  the  main  results  of  the  previous  sections 
somewhat  in  the  ndlowiug  way.  Although  the  body  consists, 
like  the  fof)d,  of  proteids,  fats,  and  carbohydrates,  yet  the  ct»n- 
version  of  the  one  into  the  other  is  not  direct.  Assimilation  does 
not  proceed  in  such  a  way  that  the  proteids  of  the  food  all  be- 
come the  proteids  of  the  body,  the  fats  of  the  food  the  fats  of  the 
body,  and  the  starch  and  sugar  of  the  food  the  glycogen,  dextrin, 
and  sugar  of  the  body.  We  cannot  even  say  that  the  non- 
nitrogenous  foo<l  supplies  alone  the  non-nitrogenous  parts  of  the 
body,  and  that  the  nitrogenous  food  remains  as  the  sole  source  of 
the  nitrogenous  tissues.  We  have  seen  that  under  all  circutii* 
stances  a  certain  <]uantity  uf  prutcid  food  is  immediately  meta- 
bolized, probably  while  still  within  the  alimentary  canaJ,  and 
that  au  excess  uf  proteid  food  may  lead  to  the  accumulation  of 
bodily  fat.  On  the  other  hand,  wc  find  ihiit  a  large  pr<i[Mtrtion 
of  the  carbonic  acid  of  the  egesta  comes  from  the  metabolism 
taking  place  in  nitrogenous  tissues, such  as  muscle;  and  we  have 
bad  proof  that  the  energy  set  free  by  muscular  contraction  may 
be  fai  greater  than  could  be  supplied  by  the  proteid  food  taken, 
and  that,  therefore,  the  non-nitrogenous  factors  of  the  metabolism 
which  set  free  the  energy  must  have  ulUmaidy  come  from  non- 
nitrogenous  food.  We  have  abundant  evidence  that  the  various 
food-stufis  become  more  or  less  metabolize<],  and  their  elements 
more  or  less  rearranged  and  mixed,  before  they  appear  as  con- 
stituents of  the  bodily  tissues. 

We  have  seen  that  the  oxidations  of  the  body  are,  as  in  the 
case  of  muscle,  of  a  peculiar  character,  ond  carried  on  by  the 
tissues  themselves.  While  at  present  we  should  be  hardly  jus- 
tified in  denying  that  any  oxidations  at  all  take  place  in  the 
blood-plasma,  such  as  do  occur  must  be  slight  in  anmunt  as  com- 
pared with  those  going  on  in  the  tissues.  We  might  also  say 
that  one  body  only,  viz.,  lactic  acid,  prcjtents  itself  as  a  substance 
likely  to  be  directly  oxidized  in  the  blood  itself;  and  even  with 
regard  to  this  the  evidence  is  us  much  against  as  for  any  such 
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direct  oxidation  Ukiog  place.  The  great  mass  of  the  oxidation 
of  the  body  is  of  an  indirect  kind,  determined  by  the  activity  of 
the  eeveral  tissues.  The  blood  serves  a£  an  oxygen  carrier  fur 
the  ti^ues;  and  it  is  not  itself  the  large  combustion  agent  it  vras 
once  thought  to  be.  The  tendency  of  all  recent  incjuirie*  is  to 
show  that  the  body  cannot  be  compared,  either  as  a  whole,  or  in 
its  parts,  to  a  furnace  for  the  direct  combustion  of  combustible 
food.  On  the  contrary,  we  are  driven  nearer  and  nearer  to  the 
conclusion  that  all  food  which  has  become  absorbed  into  the 
blood  must  become  tissue  before  it  becomes  waste  product,  and 
only  becomes  waf^te  product  through  a  metabolism  of  the  tissue. 
When  we  say  "  become  tissue,"  we  must  leave  it  at  present  wholly 
undecided  how  far  the  constant  metabolism  which  this  view  de- 
mands affects  the  so-called  structural  elements  of  the  more  highly 
organized  tissues;  it  is  quite  opeu,  however,  as  we  have  already 
suggested,  for  ua  to  imagine  that  in  muscle,  for  instance,  there  is 
a  framework  of  more  stable  material,  giving  to  the  muscular 
fibre  its  histological  features,  and  undergoiug  a  comparatively 
slight  and  slow  metabolism,  while  the  energy  given  out  by  muscle 
is  supplied  at  the  oxpeuhe  of  more  fluctuating  molecules  which  fill 
up,  so  to  spt;ak,  the  interstices  of  the  more  durable  framework, 
and  the  metabolism  of  which  alone  is  large  and  rapid. 

The  characteristic  feature  of  proteid  food  is  that  it  increases 
the  oxidative,  metabolic  activity  of  the  tissues,  leading  to  a  rapid 
consumption,  not  only  of  itself,  but  of  nun- nitrogenous  food  as 
well.  Where,  therefore,  a  rapid  renewal  of  the  tissues  is  sought 
for,  an  excess  of  proteid  food  may  be  desirable.  But  it  must  be 
borne  in  mind  that  by  the  very  nature  of  its  rapid  metabolism, 
proteid  food  must  tend  to  load  the  body  with  the  so-called  ex- 
tractives— 1.  c,  with  nitrogenous  cryatalliue  bodies.  How  &r 
these  are  of  use  to  the  body,  and  what  part  they  play,  are  at 

{)resent  unkuowu  to  us.  That  they  are  of  some  use,  is  suggested 
iy  the  beneficial  etfocis  of  the  fxtrddum  carnin  when  taken  ua  food 
in  conjuuction  with  uon-nitrogenous  material,  though  it  is  pos- 
sible that  the  dietetic  value  of  this  preparation  may  be  due  to 
the  small  amount  of  non-crystalline  extractives  which  it  contains. 
That  when  in  excess  these  nitrogenous  products  may  be  highly 
injurious  is  indicated  by  the  little  we  know  of  the  connection 
betweeu  the  symptoms  of  gout  and  the  presence  of  uric  acid.  A 
large  meat  of  proteid  material  must  tax  the  system  to  the  utmost 
in  getting  ria  of  or  stowing  away  the  nitrogenous  crystallioe 
]>    r         '^ing  through  changes  either  in  the  alimentary  canal  or 
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they  are  uUimnif  sources  of  musculnr  enerj^y  as  well  as  of  heat. 
But  their  ^reat  characteristic  is  that  tlicy  do  not,  like  proteid 
food,  excite  the  DietabuIJc  activity  <»f  the  body.  Hence,  to  a  far 
greater  extent  than  is  the  case  with  proteid  food,  they  C4in  he 
retained  and  stored  up  in  the  hody  witli  comparative  ease.  The 
digested  elements  of  tatty  or  carbohydrate  foinl  which  go  to  form 
the  protoplasm  of  adi|M)8e  tissue,  become  part  and  parcel  of  a 
substance  which  can  perform  '\l»  metabolism  without  any  ex- 
plosive expenditure  ot  enerj^y,  and  which,  therefore,  instead  of 
giving  rise  to  bodies  demanding  immediate  excretion  from  the 
system,  can  deposit  its  metabolic  products  as  apparently  little, 
but»  as  we  have  seen  in  reality,  greatly,  changen  fat.  In  this 
way  the  non-nitrogenous  food  of  to-day  is  rendered  available  fur 
future  and  i>veu  distant  wants. 

In  comparing  fats  with  carbohydrates,  we  can  only  point  to 
the  much  greater  )K>tential  energy  of  the  former  than  of  the  lat- 
ter, weight  for  weight  (see  p.  53}»>. 

A  diet  may  be  chosen  either  for  the  simple  maintenance  of 
health,  or  for  the  sake  of  muscular  energy,  or  for  fattening  pur- 
poses. For  the  first  purpose  there  is,  we  may  suppose,  a  normal 
diet;  and  in  the  case  of  imin,  instinct  and  experience  have 
probably  not  erred  far  in  choosing  some  such  pro[>orti"ins  as  those 
^iven  ou  p,  o2.>.  Jf,  as  we  have  urged,  all  food  bectinjes  ti^auo 
before  it  leaves  the  body  as  waste  product,  the  dominant  prin- 
ciple of  all  nutrition,  and  the  ultimate  tribunal  of  all  questions 
of  diet,  must  be  the  individual  character  of  the  tisasue,  the  idio- 
syncrasy of  the  body.  The  same  mysterious  qualities  which 
cause  the  same  blood-plasma  to  become  here  a  muscle,  and  there 
a  secreting  cell,  convert  the  same  food  into  the  body  of  a  man 
ur  of  a  sheep.  All  tlie  simpler  and  more  general  laws  of  meta- 
bolism are  made  subservient  to  more  intricate  and  special  laws  of 
protoplasmic  cmstruction.  We  can  only  speak  of  a  normal  diet 
in  the  same  way  that  we  speak  of  the  average  intulligeace  of  man. 

In  seeking  to  supply  such  a  normal  diet  out  of  ordinary 
articles  of  food,  we  must  bear  in  mind  that  the  nutritive  value 
of  any  substance,  estimated  in  terms  of  the  potential  energy  of 
the  proteids,  fats,  or  carbohydrates  it  contains,  must,  of  course, 
be  corrected  by  \[»  digestibility.  One  gramme  of  cheese  has,  as 
far  as  potential  energy  is  concerned,  an  exceedingly  high  value; 
but  the  indigesiibility  of  cheese  brings  its  nutritive  value  to  a 
very  low  level.  Here  too  the  factor  of  idiosyncrasy  makes  itself 
exceedingly  felt. 

Id  feeing  for  fattening  purposes  the  comparatively  cheap 
carbohydrates  are.  of  course,  chiefly  depended  on.  If  the  view 
mentioned  on  p.  584  be  correct,  that  the  fat  really  stored  up  all 
oouies  from  proteid  metabolism,  an  equivalent  id*  this  food-stuff 
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must  always  be  given.  If,  aa  seems  probable,  this  view  is  a  U>o 
hurried  generalization,  there  still  remains  the  poesibility  that  for 
economical  fattening,  with  tlie  least  waste,  a  certain  proportion 
between  the  nitrogenous  and  non-nitrogeDous  foods  must  alwaj;8 
be  maintained. 

From  what  has  been  previously  said  it  is  evident  that  proteid 
food  i»  nut  the  only  food  stutf  to  be  regarded  in  selecting  a  diet 
for  muscular  labor.  We  should,  however,  equally  err  in  the  op. 
|>osile  direction  if  we  selected  exclusively  non-nitrogenous  food 
on  which  to  do  work,  since,  as  we  have  seen,  there  is  no  evidence 
that  the  fate  or  carbohydrates  are  the  direct,  though  they  may  be 
in  part  the  uHimate  source  of  muscular  energy.  OmsideriDg 
how  complex  a  thing  strength  is,  how  much  it  depends  on  the 
vigor  of  parts  of  the  body  other  than  the  muscles,  a  normal  diet, 
calculated  to  develop  equally  all  parts  of  the  body,  is  probably 
the  best  diet  for  active  labor.  It  is  possible,  however,  that  an 
excess  of  proteid  food,  by  reason  of  the  renewal  of  tissue  caused 
by  its  metabolic  activity,  may  be,  in  such  cases,  of  service. 

Lastly,  the  several  saline  matters,  including  the  extractives  of 
animal  and  vegetable  food,  are  no  less  essential  elements  of  a 
diet  than  proteids,  fats,  or  carbohydrates.  (Jf  use,  not  for  the 
energy  they  themselves  possesfi,  but  by  reason  of  their  regulating 
the  energy  of  the  food-aluffs  more  strictly  so-called,  they  are 
necessary  to  life — the  body  in  their  absence  fails  to  carry  out  its 
usual  metabolism,  and  disease  If  not  death  follows. 

The  dietetic  superiority  of  fre$h  meat  and  vegetables  de]>ends 
in  part  on  their  Btill  retaining  tf^e  variouH  saline  and  extractive 
matters.  A  diet  from  which  phosphorus  (or  even  possibly  phos- 
phates;, or  chlorides,  or  potash,  or  so<la  salts  are  absent,  is,  as 
soon  as  the  store  of  the  substance  in  the  body  is  exhausted,  use- 
less for  nutritive  puroosep.  Calcium  and  magnesia  may,  tu  a 
certain  extent,  be  replaced  by  bases  closely  allied  to  them;  but 
the  metabolic  r/^ie  of  phosphorus  or  of  sulphur  c4innot  be  taken 
up  by  an  analogous  body;  and,  as  is  illustrated  by  their  distri- 
bution in  the  body,  the  physiological  functions  of  jKitash  and 
soda  are  widelv  ditlerent  if  not  ahtagonistic,  closely  allied  as  are 
these  two  alkalies  when  rogarded  from  a  chemical  point  of  view. 
Like  niediciues  and  imisona — and,  indeed,  they  are  in  a  manner 
natural  medicines — thi*  action  of  these  bodies  depends  in  part  on 
their  dose.  Indi8()eusable  as  are  potash  salts  to  the  economy,  a 
large  dose  of  them  is  injurious;  and  a  dog  fed  on  nothing  but 
Liebig's  extract  dies  smtner  than  a  dog  not  fe<l  at  all.  on  acooont 
of  the  potash  saltjs  ot'  the  extract  exerting  their  deleterious  in- 
fluence in  the  absence  of  the  fix)d  whose  metabolism  their  func- 
tion is  to  direct. 
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THK  (Jl'NTKAL  NKKVOUS  SYSTEM  AND  I'K  INSTKUMKNm 


CHAPTER    I. 


[  General  Arrangement  of  the  Nervous  System. 

The  nervous  system  coDsists  of  two  secondary  divisions:  the 
cerebro  spinal  and  the  fiympathetic  or  ganglionic. 

The  cerebrospinal  system  embraces  a  central  system,  which 
includes  the  brain  and  spiuai  cord,  an<l  a  [feriphcral  Hystem,  c^m- 
sisting  of  the  cranial  ttnd  spinal  nerves  and  tlit-ir  }^aii^Iia.  The 
central  system  is  known  a**  the  cerebro-splnal  axis*  (Fig.  1H5), 
and  it  comprises  all  the  organs  presiding  over  the  Functions  which 
are  characteristic  of  animal  lite,  such  as  volition,  special  sensa- 
tion, etc.  The  cranial  and  spinal  nerves  serve  as  a  means  of 
intercommunication  l>etweeu  the  central  nervous  system  and  the 
peripheries  by  conducting  imt)iil8e8  to  and  from  the  centres. 

The  braiu  is  composed  of  the  cerebrum  and  cerebellum  and 
the  ganglia  forming  part  of  the  former;  and  the  medulla  ob- 
longata anil  pons  Varolii,  by  which  they  are  connected  to  llie 
spinal  cord.  The  spinal  cord  is  that  portion  of  the  cerebro- 
Hpinal  axis  which  is  situated  within  the  spinal  canal  between  the 
foramen  magnum  and  the  secflnd  lumbar  vertebra.  Above,  it 
is  continuous  with  the  me<tulla  oblougata ;  below,  it  terminates 
in  an  extremity  of  gray  matter,  which  is  termed  the  JUum 
tertiujiale. 

The  cranial  nerves  arise  from  the  under  surface  of  the  cere- 
brum and  medulla  oblongata,  aud  make  their  exit  through  the 
foramina  io  the  base  of  the  cranial  vault.  The  spinal  nerves 
arise  by  two  roots,  anterior  and  posterior,  from  the  sides  of  the 
spinal  cord,  and  make  their  exit  through  the  intervertebral 
foramina.     On  each  posterior  root  is  a  ganglion. 

The  ganglionic  or  sympathetic  system  consists  of  a  double  chain 
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of  ganglia,  which  extends  from  the  base  of  the  brain  to  the  pelvic 
cavity,     llnch  chain  is  9ituate4j  to  the  front  and  siHe  of  the  ver- 
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[  ri'lrr  S«irfft>v  cr  Vmm>  iif  tli»  iVritlituiM  t 
i.Vr«lK<  limit,  alitl  ot  Ihr  fotu  >  hiulM  luid  lled«D« 
li|>liiOKNln.  »\mt  Ibe  AiitTii'i  tMirfno*  t>f  lb*  ^ilafel 
('••nt,  lu  «tiu«r  lb«  Diixh-  of  unihn  <»f  lh«  llt|4a*l 
Nxrvt^  tnrtu  tite  Spiii»l  I'unl,  «iitl  ttte  Cmalal 
S'kmm  fitwi  tlio  bwviil  iliv  ItnUii.  K.  «,  ocnlinl 
li«^ii»|)L(<r»  ;  b.  H|(lit  laUr  uf  CttrvlvUum  ;  M,  OM- 
■lulls  i<Ui>ii|»im :  Kbov«  ibli  b  >  tmiHTsrw  whfu 
iiuuH,  llir  (MiiMVnmlH  :  r,  »*,  the  •|itiial(tir<L,iAtn>lof 
Ibivrvli'iil  BOil  lnutlurcDUr^vuicul#,  lUiiliU  («>lolnl 
tcniiitiatluue ;  «>,  tliu  (-aodu  t^<llllIla,  tonne4  bjr  tb» 
vloiipiln]  r«Ki(«  (if  tlif  liliMlnir  «i»il '•cnl  lienc*;  I 
Ui  i\  llio  M'verul  craolkl  luirvw,  urL-itif  (Htfti  Ihr  Imm 
i>rtti^  hntiii  fihd  tbi'  «I(1m  of  tlt»  iiH^tiilU  ■■t4<>n<Ktji. 
Mmw  [bew,  iin  tckIi  fiJr.  wf*  llw  pk**!*  k'T  <«r*([ll» 
<>r  thfl  apitwl  ttMrm,  mTTfcKt,  •kirml,  InmUir,  ainl 
MU'rml,  Id  Hini«  of  tli«K<  ibv  •t^M*  ni>4  tmu  Iw 
»«it,  MiO  th<>  melling  ur  jntiigUoo  un  lli*-  |aMt«<iiur 
riKiL.  N,  «,  the  laillar;  ur  l>rsrblAl  |4mii^  funnnl 
tiy  ibo  ftiuT  lowr  f«Tvl<al  nM  Om  ilnrvl  fl|>ttMl 
iirrr^* ;  /,  llin  lanilwr  iiU-sob  :  ■.  Ihv  Mcral  |i|(>\in. 
formal  h]'  Ihr  Wt  lumlnr  mrvi*  «ik1  tnt  hmr 
w-ml  niTVf^  ;  I,  alums  A  |itti.-«  i<f  tliv  vliMith  of  tlw 
fonJ  (Ul  ••)«».  iiixt  «li>i  It  H  ]>(.>rtlnn  iif  ilic  tif^ 
lurntniit  <l«<nlli'iilitliim  wlili'li  «ii|>|*irti  t)i*>  (urd. 

A,  R  mtmvfr««  •«M-t|i>ri  tliruuch  Ut«  cxmt  tu  «bi/« 
thi*  fiinii  "f  Ttit-  Rrny  rtiroiM  fir  hon**,  In  th»  mItiM 
vr  t)i>-  wliilr  i>iil«t«iif'r.  H,  ibuWH  llic  mtnr  |wfU, 
»ti<l  »Uu  lht>  nioinbrmnn  uf  Ibr  ocnl ;  xtiJ  Uio  ktitariur 
«Iiil  ptWt'rli'l  IVB>U  uf  II  (mil  ff  •I'liuil  mrreM 
k|i|-|itKln|(  fnrtit  I)*  flItW. 
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tebral  ooluinu.     The  ganglia  are  intimately  connected  with  the 
adjacent  ganglia  and  wilTi  the  cerebro-spinal  axis  by  means  of 
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nervous  cords.  The  nerves  given  off  from  the  jjanglionic  systeift 
are  principally  distributed  to  the  viscera  of  the  thoracic,  ab- 
dominal, and  pelvic  cavities,  and  hence  are  more  intimately 
oonnecied  with  the  functions  of  or^^anic  life,  such  as  are  maui- 
fesLed  in  growth  and  nutrition.  The  ganglionic  system  has, 
therefore,  been  termc<l  the  system  of  organic  life. 

The  Phyiiohgxeal  Anatomy  of  the  Nerve-iissws. 

The  nervous  system  is  composed  of  two  elementary  nervous 
structures;  the  vej*icuinr  matter,  and  iUe  Jibrotu  matter.  The 
vcsiculiiT  matter' is  diatiugiiiehed  from  the  Hbrous  matter  by  its 
characteristic  reddish-gray  color,  its  vesicular  structure,  its  softer 
conaistency,  and  greater  vascularity.  It  consists  of  an  aggrega- 
tion of  vesicles,  which  are  called  the  ganglionic  or  nerve  corpus- 
cles, and  is  never  fifuud  in  the  nerves.  These  corpuscles  are 
C4ieh  composed  of  a  delicate  wall,  which  encloses  granular  pig- 
meuted  contents,  with  an  eccentric  nucleus,  and  a  variable 
number  of  nucleoli. 

FiQ.  166. 

A  » 


r  l»  K 

Tiu-iuUR  r<>riii-<i(  (;iuiirll<>ti)<  N'»IHi> ;  i  ii,  Iiitk<-  ^vlbitv  t-ult%  «ltli  ibvir  iirulunKnlloui, 
fntm  tli««  Bntoriur  horn  of  ibo  vx^y  matter  of  thn  MpfuiU  coM  ;  •',  ncrvp-n'll  wltli  Ib^  iiiiiUMlod 
fllirp,  ri-iiui  tlii<aiiiuFtiiuit«4«i)f  th4<  rai-kl  ainl  lUillt^irjr  urrvM  in  tboniotttiuiAixlitoriouii  lnl«nitt« 
at  th«  us  ;  0,  cfll-wftU ;  b,  ctfll  r^tnti^Dbi ;  e.  ptatncntii ;  d,  am-l«a» :  t,  proluagatioii  formlog 
tlia  ibwtli  of  tho  flLiro ;  /,  iivrvr>-flliro ;  D  Derv(>-o>ll  tronx.  tb«  nihKtaati*  famigliicia  <>f  iiuui ; 
E,  «nwlkir«tll  frnin  t\\n  Kt>iiiKl  rorri :  iimKnlfl*'^]  fV>0  illnnH't^n. 

The  nerve-cella  are  found  in  aggregated  masses,  embedded  in 
a  granular  material,  and  having  intermingled  and  connected 
with  them  some  fibrous  matter.  In  this  condition  they  form  the 
ganglia  and  the  great  centres  of  gray  matter  found  in  the  brain 
and  spinal  cord.    The  vesicular  matter  alone  is  suppoeed  to  be 
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grey  melter  of  tbe  oerebroepiual  ceotrce.  In  the  anterior  oonraa 
of  the  ftpinnl  cord  they  ptsmem  somettmea  ee  nmoy  m  twelve 
prooeMMi.    The  prooMMV  of  eome  of  the  cells  divide  mad  eab- 

flivide  HO  mnidJy  iuto  smaller  tilameute  that  iher  form  a  cloee 
re<(IuUiaf|;  plcxiu  iu  the  interstitial  Tenoalar  nuuter  adjoiaiiie 
the  cell  (Fig.  168;. 
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The  whiU  or  fibrous  maiter  composes  the  nerve-fibres  forming 
the  cranial  and  spinal  nerves  and  the  white  strands  of  nervous 
matter  which  are  ff>imd  in  the  cerebnvspinal  axis.  The  nerves 
are  composed  of  bundles  of  Bbres,  which  are  called /unict</j,  and 
are  eoclofled  in  a  fibrous  sheath,  the  perineurium;  the  funiculi 
being  separated  from  each  other  by  an  investing  fibrous  mem- 
brane formed  by  reflections  inwards  of  the  perineurium.  Each 
funiculus  is  formed  of  a  number  of  bumlles  of  fibres*  or  (wWe«, 
which  according  to  Kanvicr,  are  enclosed  in  a  layer  of  tlat  epi- 
thelium cells  (Fig.  l*iU);  this  is,  however,  contradicted  by  some 
observers^  who  deem  the  cells  a  lining  of  lymphatic  spaces.  If 
these  tubules  are  separated  and  individually  examined  during 


Fig.  169. 
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Klu.  lil'J.— FuuiculiM  of  It  MuuMT  uHcr  lui|rri)«(TiAUtiii  m\th  MtraU*  of  SUrsr.  Lwsv  fltt 
vpiUwlUil  (X'Ub  aro  Mfri  mverlttc  ito  mrtnici:  Ttir  uxplniiidtnti  .if  th«  nunU  liumw  U  amn  Uy 
rofnf^nc"  UiMlto  nexl  fljrqn?.      AHtT  JtAMrtim. 

Fio.  17t».— Nt^rvn-flLrc  fnon  tli'i  S  iiitlr  Nnrvc  of  Uit  Kalil'll  i»fl«r  Uic  •^1l»tt  tf  Nltralo  .'f 
fiilTiT.  a,  ring  fiimiM  b,v  tlil^kfnfNl  meiuhnuir  ot  .<V')iw«i]n  ;  m,  wliit«  fiuWluncn  ot  ^liwntiri 
rtimlRrod  tmii«|i«u«lit  Uy  glycrnn  ;  (^i  kXUH-yllUtlftr,  U'hk'b  Jliol  iiU>vi>  un<l  Ih>1ii«  tti<>  IfVo)  of 
ili«  unnnlHr  conntrti-tion  i)niM'iib>  the  utriw  of  KrumtiiHnii. 

life  they  will  appear  to  consist  of  a  simple  homogeneous  trans- 
parent investment,  which  encloses  a  soft,  transparent,  structure- 
less substance.  Each  tubule  has  a  well-acocniuatcd  dark  outline 
(Fig.  171,  A).  But  after  removal  from  the  body,  the  lowered 
temperature  or  other  influenceg  cause  the  contents  of  the  tubule 
to  coagulate,  and  a  double  contour  appears  (Fig  171,  B),  which 
indicates  that  the  iubulea  are  not  of  a  simple  structure,  but  that 
they  are  compoeed  of  several  elements.     These  are  seen  to  be  an 
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eooluiai  tli«  meditMmvf  mibdatim  or  tdUfo  mUamm  ^ 
Um  loner  bouadary  of  wkieli  ia  iiidiGSt«d  kvf  tbe  isMr  Bmu 
the  eminkt  portion  of  ibe  medalkrr  wbrtAiiee, 
to  U)«  AXIS,  M  a  gray,  flattened,  threadlike  fitarocnt,  wax 
termed   the  oM-^pylituUr.    'Fig.   172.)    Tbe  fibita  tkoa 
■tfucied  are  calleil  the  m^dullalttl  Bcrre-Bbrea,  in  oontradistii 
lion  to  oih^r  fibm  which  ffmtm  no  medullary  aubetaooe, 
hence  an  caUJed  the  non  aitdnOaitd  fibres. 

'*»*  coum*  of  the  tubule,  annular 
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Fio.  172. 


called  t!ie  stripe  of  Frommann.  Between  each  of  these  con- 
stricted points  a  nucleus  is  found,  wliich  lies  between  the  while 
substance  of  .S<*.hwann  and  the  Denrilemrna.  The 
axU'Cylinder  in  the  ganglion  cells,  and  in  the  ultimate 
termination  of  the  olfactory  and  optic  nerves  and 
some  of  the  sympathelic,  have  been  observed  to  be 
composed  of  a  number  of  extremely  attenuated  vari- 
cose fibres,  which  are  termed  the  primitive  nerve- 
fibriU  {Fig,  ll'^K 

The  nonmedtdlated  fibres  (gelatinous  fibres  of  Re- 
mak)  differ  from  the  meduUated,  by  the  absence  of 
the  annular  constrictions  and  of  (he  double  cttnlour;  iHnemmnf 
by  their  smaller  size,  the  greater  number  of  nuclei  ftinKinrK  or 
found  in  their  course,  and  by  their  grayish  color.  Ncrrefliar 
The  non-medu Hated  fibres  constitute  the  entire  por-  i.  uf-iTiiMii. 
tion  of  the  olfactory  and  of  some  of  the  sympathelic  ""■  ^  *''"'' 
nerves,  and  are  found  m  variable  quantity  with  the  s.hwttii«  w 
medullated  fibres  in  the  nerves  of  the  cerebrospinal     nxiB-jinn'iir'. 


Fio.  178. 


IMmitiv*  Mtrvfr-niirlb.  it,  fruui  th<'  BPrTrtu4  fllirr-U<r<>i*  <>r  ilir  rrtlitu  ;  &,  fVniii  tht*  o3tl«rn«l 
jrnDiiUr  Ujeruf  tliu  rellrm,  dlictwlnic  itl  x  Klarf:i<  vmiiciwUy  ivMilUnKfrixii  lmhl(>itli)ii ;  •*■,  fhitn 
UlN  (ilfkctfiry  Dvrvo  of  thn  \AM.v,  «lit>wiii^  «  tltk-k  iiorvn  stirliwinl  In  «  wbvatli  bmnktiig  n|)  littu 
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Tbe  oerre-fibm  Krre  m  a 
t««ea  tibe  ecDtm  or  portini  uf 
••d  peripberics.    Each  Efcre  m  a 
ptfiplmj  aad  eeatre.  aad  ■hhrw^rii  tWr  nay  ia 
aever  fi>nB  aaitnmnaea.    &ck   fibre,  ihcRftre,  conaila  if 
eeatral  aad  a  peri|»keval  extnaBitT,  tke  €ea(tnJ  catrffiity 
properlj  be  eonMilriinf  at  Ibe  tm^:  the  periplieral  est 
tbe  per^fkermi  iermimaiiotk,    Fibra  vlucb  eiMmy  ii 
froa  Ibe  eeatra  to  tbe  pecipberjr  are  called 
fibres;  tboie  ooovejiag  uapmnoa*  firom  Ibe  pertpbery  lo 
oeatre.  affereiU  or  tenwry  fibres. 

Tbe  nerrei  terrainate  id  tfteeial  aod  ytnaral  OMxka.  Ab  special 
modes  tbej  terminate  in  the  tactile  corpoMleB  t  Fig.  144) ;  tbe 
Pacinian  oorpuacles  <Fig.  145);  tbe  terminal  bulbs  of  Kraoaaj 
(Fig.  14*3',  and  in  other  terminal  organs  coooemed  in 
■ensatioo,  which  will  be  hereafter  DoCiced.  In  tbe  volaBl 
muscles  they  terminate  in  the  end-plaUa,  The  mode  of 
tion  of  tbe  nerres  in  the  involuntary  muscles  h  as  yet  wrapped 
in  obscurity;  recent  investigations,  however,  indicate  thai  tbe 
fibres  form  plexuses,  and  finally  terminate  in  the  noclei  of  the 
cells.  In  tbe  glands,  aooordiDg  to  Pfiuger,  the  axis-cyliDder  is 
c<>atinued  iQt4>  the  gland-cell. 

The  general  mrxJe  of  termioation  is  by  the  formation  of  ex- 
tremely delicate  plexuses,  the  filaments  of  which  canDot  be 
traced  to  any  definite  terminal  point.  Tbe  nerve-tibres  ara 
devoid  of  tbe  white  subetanoe  of  Schwann  at  their  ultii 
termiciatioDB.] 


SENSORY  NERVES. 
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In  studyiug  tbe  phenomeua  of  motor  nerves  we  are  ereatly 
assisted  by  two  facts — First,  that  the  muscular  ontraction  by 
wbicb  we  jufige  of  what  is  goio^  on  in  the  nerve  is  a  compara- 
tively simple  thing,  one  contractntn  iJifferiDg  from  another  only 
by  Kuch  features  as  amount.  raj>idity.  and  fre<^tuency  of  repetitioo, 
and  nil  such  differences  being  rHpable  of  exact  measurement. 
Secondly,  thnt  when  wp  npr^U'  a  stimulus  directly  to  the  nerve 
iUuif.  (■  ■  «.*  only   from   th<-«e  which   result 

h   n  hy  naiurul  stimuli,  such  as  the 

•ome,  ou  the  otlirr  Imnd,  to  investigate  the  pbe- 

terves,  our  labors  arc  for  the  lime  rendered 
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heavier,  but  in  the  end  more  fruitful,  by  the  fatrts:  Firat,  that 
we  can  only  jtiiige  of  what  is  going  on  in  an  BflTerent  nerve  by 
the  effects  it  pnxluceH  in  Korue  central  ntrvous  organ,  in  the  way 
of  exciting  or  modifying  reflex  action,  or  niodit'ying  automatic 
action,  or  affecting  consoiousuosa ;  and  we  are  consequently  met 
ou  the  very  threshohi  of  every  inquiry  by  the  difficulty  of  clearly 
difitingubhing  the  events  which  belong  exclusively  to  the  afferent 
nerve  from  those  which  belong  to  the  central  organ.  Secondly, 
that  the  effecte  of  applying  a  stimulus  to  the  peripheral  end- 
organ  of  an  aflerent  nerve  are  very  different  from  those  of  apply- 
ing the  same  stimulus  directly  to  the  nerve-trunk.  This  may  be 
shown  by  the  simple  experience  of  comparing  the  sensation 
caused  by  the  contact  of  any  sharp  body  with  a  nerve  laid  bare 
by  a  wound,  with  that  ciiusod  by  contact  of  an  intact  skin  with 
the  samf  body.  These  differences  reveal  to  us  a  iTomplexity  of 
impulses,  of  which  the  phenomena  of  motor  nerves  gave  us  not 
so  much  as  a  hint ;  but  for  the  time  being  they  increase  the  dif- 
ficulties of  our  study. 

An  afferent  impulse  passing  along  an  aflerent  nerve  may,  in 
certain  cases,  simply  produce  a  change  in  our  consciousDepa  un- 
accompanied by  any  visible  bodily  movements;  in  other  cases, 
it  may  give  rise  to  reflex  movements,  or  modifying  existing  reflex 
or  automatic  actions  without  causing  any  change  in  conscious- 
ness; in  still  other  cases,  it  may  bring  about  both  results  at  the 
same  time.  An  aflerent  nerve  the  stimulation  of  which  gives 
rise  to  a  sensation,  and  so  leads  to  n  modification  of  conscious* 
ness,  may  be  more  closely  defined  as  a  "sensory"  nerve.  There 
is,  however,  no  distinct  proof,  having  regard  tn  the  difficulties 
just  mentioned,  that  the  afferent  fibres,  which  in  the  bwJy  are 
commonly  used  to  cause  or  affect  reflex  action  differ  at  all  in 
kind  from  those  whose  function  it  is  to  nKwiify  consciousness.  On 
the  contrary,  such  evidence  as  we  have  goes  to  show  that  an  ap- 
propriate stimulus  of  the  same  fibre  may  give  rise  to  one  or  other 
or  bt»th  events;  and  that  whether  the  one  or  the  other,  or  both, 
events  occur  depends  on  the  ctuidition  of  the  central  organ,  and 
on  the  relation  of  its  several  parts  to  the  afferent  nerve.  The 
stimulation  of  the  same  nerve  (and  there  are  no  positive  facts 
which  would  preclude  us  from  saying  *'of  the  same  fibre")  may 
under  certain  circumstances,  as  for  instance  when  the  brain  has 
been  removed,  simply  cause  a  reflex  action,  and  under  other  cir- 
cumstaucea  give  rise  merely  to  a  sensation.  Hence,  an  aflerent 
nerve  is  frequently  spoken  of  as  a  sensory  nerve,  even  under  cir- 
cumstances where  there  is  no  evidence  of  consciousness  being;, 
aflected,  l>ecause  by  a  slight  change  of  circumstances  the  same 
stimulation  of  the  same  nerve  might  give  rise  to  a  distinct  &en< 
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aation  ;  the  substitution  of  the  specific  for  the  general  term  being 
juatifietl  by  the  convenien(;e  of  the  former. 

All  the  itpinaf  nervff^f  are  mixed  nerves,  corniwseil  of  afferent 
and  etfereut,  of  motor  and  geuaory  fibres.  When  a  spinal  nerve 
is  divided,  stinuiliition  of  the  peripheral  portion  causes  muscuUr 
contraction,  of  the  centra!  portion,  a  sensation  (or  a  reflex  action  i. 
At  the  junction  of  the  n^rve  with  the  spinal  cord,  the  sensory 
fibres  are  gathered  into  the  posterior,  and  the  motor  fibres  into 
the  anterior  root.  The  proof  of  this,  which  was  Hrst  made 
known  by  C'harles  Bell  and  Majendie,  their  discoveries  forming 
the  foundation  of  modern  nervous  physiology,  is  simply  as 
follows. 

When  the  anterior  root  is  divided,  the  muscles  supplied  by  the 
nerve  cease  to  be  thrown  into  contractions  either  by  the  will,  or 
by  reflex  action,  while  the  t^tructures  to  which  the  nerve  is  dia- 
tributed  retain  their  aensihility.  During  the  section  of  the  root, 
or  when  the  proximal  stump,  that  connected  with  the  spinal 
cord,  is  stimulated,  no  sensory  eHects  are  produced.  When  the 
distal  stump  is  stimulated,  the  muscles  supplied  by  the  nerve  are 
thrown  into  contractions.  When  the  posterior  root  is  divided, 
the  muscles  supplied  by  the  nerve  continue  to  be  thrown  into 
iicLiou  by  an  exercise  of  the  will  or  as  part  of  a  reflex  action, 
but  the  structures  to  which  the  nerve  is  distributed  lose  the  sen- 
sibility which  they  previously  possessed.  During  the  section  of 
the  root,  and  when  the  proximal  stump  is  stimulated,  sensory 
effects  are  ])roduced.  When  the  diBtal  stump  is  stimulated  no 
movements  are  called  forth.  These  facts  demonstrate  thatsenaory 
impuLscfl  pass  exclusively  by  the  posterior  nntt  from  the  periph- 
eral to  the  central  organs,  and  that  motor  impulses  pass  ex- 
clusively by  the  anterior  root  tr[uu  the  central  to  the  peripheral 
organs. 

An  exception  must  be  made  to  the  above  general  statement, 
on  account  of  the  8ocAlle<l  recurrent  j^ensibility  which  is  witneflse<j 
in  conscious  mammals,  under  certain  circumstances.  It  often 
happens  that  when  the  ;>m/>A.rra/ stump  of  the  divided  anterior 
root  is  stimulated^  signs  of  pain  are  witnessed.  These  are  not 
caused  by  the  concurrent  muscular  contractions  or  cramp  which 
the  stimulation  occasions,  for  they  remain  if  the  whole  trunk  of 
the  nerve  lie  divided  some  little  way  below  the  union  of  the  roota 
above  the  origins  of  the  muscular  branches,  so  that  no  contrac- 
tions take  place.  They  dieap(>ear  if  the  posterior  root  be  also 
cut,  and  they  are  nut  seen  if  the  mixed  nerve-trunk  be  divided 
cloae  to  the  union  of  the  roota.  The  phenomena  are  probably 
due  to  the  fact,  that  bundles  of  sensory  fibres  of  the  pr^terior  nwn 
after  running  a  short  distance  down  the  mixed  trunk  turn  back 
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and  rtiD  upwarda  lu  the  aDterior  root,  nm]  by  this  recurreut 
oourae  give  rise  to  the  recurrent  sensihiiity. 

Concerniug  the  yanglion  on  the  posterior  root,  we  may  eay  defi- 
nitely that  it  is  neither  a  centre  of  reHcx  nor  of  auttjuiatic  action. 
Our  knowledge  couceruiDg  its  function  is  almost  limited  to  the 
fact  that  it  ia  in  some  way  intimately  connected  with  the  nutri- 
tion of  the  nerve.  When  a  mixed  nerve-lruiik  is  divided,  the 
peripheral  portion  degeneratee  from  the  point  of  tscetion  down- 
wards towards  the  periphery.  The  central  portion  does  not  so 
degenerate,  and  if  the  length  of  nerve  remove<l  be  not  Uiu  great, 
the  central  portion  uniting  with  the  degenerating  peripheral 
portion  may  grow  downwards,  and  thus  regenerate  the  nerve. 
This  degeneration  ia  observed  when  the  mixed  trunk  Is  divided 
in  any  part  of  its  course  from  the  periphery  tc*  close  up  to  the 
ganglion.  When  the  posterior  njot  is  divided  heLween  the 
ganglion  an<l  the  spinal  conl,  \\mi  [>ortion  attached  la  the  spinal 
cord  degenerates,  but  that  attached  to  the  gangknn  remains 
intact  When  the  anterior  root  is  divideiJ,  tho  proximal  portion 
in  connection  with  the  spinal  cnnl  reinaina  intact,  but  the  distal 
portion  between  the  section  and  the  junction  with  the  other  root 
degenerates;  and  in  the  mixed  nerve-trunk  many  degenerated 
fibres  are  seen,  which  if,  they  be  carefully  traced  out,  are  found 
to  be  motor  fibres.  If  the  piMterior  root  he  divided  carefully 
between  the  ganglion  and  the  junction  with  the  anterior  root,  the 
posterior  root  above  the  section  remains  intact,  but  in  the  mixe<i 
nerve-trunk  are  seen  numerous  degenerated  fibre*,  which  when 
examined  are  found  to  have  the  distrihution  of  sensory  fibres. 
Lastly,  if  the  posterior  ganglion  be  excised,  the  whole  posterior 
root  degenerates,  as  do  also  the  sensory  fibres  of  the  mixed  nerve- 
trunk.  Putting  all  these  facts  together,  it  wotild  seem  that  the 
growth  of  the  motor  and  sensory  fibres  takes  place  in  opposite  di- 
rections, and  starts  from  dirtereut  nutritive  or  "trophic*  centres. 
The  sensory  fibres  grow  away  from  the  ganglion  either  towards  the 
periphery,  or  towards  the  spinal  ct^rd.  The  motoi  fibres  grow 
outwards  from  the  spinal  cord  toward.s  the  periphery.  This 
difference  in  their  mode  of  nutrition  is  fre<iuently  of  great  help 
in  investigating  the  relative  distribution  of  mott>r  and  sensory 
fibres.  When  a  posterior  root  is  cut  beyond  the  ganglion,  or  the 
ganglion  excised,  all  the  sensory  nerves  degenerate,  and  the 
sensory  fibres,  by  their  altered  condition,  can  readily  be  traced 
in  the  mixed  nerve- branches.  Couverselj',  when  the  anterior 
roots  are  cut,  the  motor  fibres  alone  degenerate^  and  can  be 
similarly  diagnosed  in  a  mixed  nerve-tract.  When  the  anterior 
root  is  divided  some  few  fibres  in  it  do  not,  like  the  rest,  degen- 
erate, and  when  the  posterior  root  is  divided,  a  few  fibres  in  the 
anterior  root  are  seen  to  degenerate  like  those  of  the  posterior 
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root;  these  appear  to  be  the  fibres  which  give  to  the  anterior 
root  it8  "recurrent  ftensibility."  By  the  same  means  in  a  mixed 
nerve  like  the  vagos,  the  fibree  which  spring  fn>m  the  real  vagus 
root  may  he  fliatinguished  from  those  proeee<ling  from  the  spinal 
accessory,  by  8e?tK>n  of  the  vagus  and  spinal  accessory  roots 
respectively;  and  in  the  mixed  vago-sympathetic  trunk,  met 
with  in  many  auininla,  the  vagus  fibres  may  be  distinguished 
from  the  syiiifrnthelic,  since,  after  a  section  of  the  mixed  tnink, 
the  former  degenerate  from  above  downwards,  whereas  the  latter 
degenerate  in  an  upward  direction  from  the  inferior  cervical 
ganglion  below  to  the  superior  cervical  p'aDgHuo  al)ove;  for  the 
ganglia  of  the  sympathetic  behave  in  this  respect  like  the  spinal 
ganglia  of  the  iH«terior  roots.  This  method  of  diagnosis  is  often 
spoken  of  as  the  Wallerian  metho<i,  after  A.  Waller,  to  whom  we 
are  indebted  for  the  discovery  of  most  of  these  facts. 

In  the  cranial  nerves  the  motor  and  sensory  tracts  are  far  less 
mixed  than  in  the  spinal  nerves.  The  olfactory,  optic,  and 
acoustic  nerves  are  purely  sensory  nerves.  The  fifth,  gloaso- 
pharyngeal.  and  vagus  are  mixed  nerves ;  and  it  is  slated  that  io 
the  dog  the  aflfercDt  and  efferent  fibres  of  the  vagus  are  gathered 
into  two  bundles  so  distinct  that  they  may  be  separated  by  the 
knife,  the  afferent  bundle  lying  to  the  outside  of  the  efferent 
bundle.  The  facial  and  hypoglussa!  are  for  the  most  ]>art  motor 
(efferent)  nerves,  but  contain  sensory  (afferent)  fibres.  The  third, 
fourth,  sixth,  and  spinal  accessory  are  exclusively  motor  (efferent) 
nerves.  These  statements  refer  to  what  are  commonly  looked 
upon  as  the  trunks  of  the  respective  nerves.  More  exactly 
speaking,  the  sensory  fibn^s  of  the  facial  come  from  the  fitlh, 
pneumogastric.  and  gkwso-pharyngeal  nerves,  so  that  the  facial 
proper  13  in  reality  a  purely  motor  nerve.  80,  likewise,  is  the 
typoglossul,  its  sensory  fibres  coming  from  the  fifth,  pneumogas- 
tric, and  three  upper  cervical  nerves.  The  fifth  ts  a  mixed 
nerve  entirely  on  tfie  plan  of  n  spinal  nerve,  having  distinct 
motor  and  sensory  roots.  The  glosso-pharyngeal  seems  to  be 
essentially  a  sensory  nerve,  its  motor  filaments  springing  from 
the  fifth  and  facial  nerves.  Concerning  the  vague,  some  have 
niaintained  that  the  pneumogastric  root  proper  is  entirely  sensory 
(ttrterenl),  and  that  all  the  efferent  functions  of  the  vagus  are 
de|>endent  on  the  fibren  of  the  spinal  accessory  which  join  it. 
To  this  point  we  shall  return  wiien  we  come  to  consider  briefly 
the  npecial  functions  of  the  several  nerves. 

We  liavt'  already  slated  (p.  K^IM  that  isolated  pieces  of  motor 
and  iif  m-nsory  nerves  btdiuve  exactly  alike  as  far  as  all  the 
leal  iimnirt{^tt»ii->n8  uttendnnt  on  the  passage  of  a  nervous 
-!  aro  conctriie<l ;  the  current  of  action  makes  its  appear* 
Ui«  ?am*?  way,  and  seems  to  have  the  same  charactftrs  in 
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>th  kinds  of  nerves.  Tbe  same  is  also  true,  as  far  oa  wc  know, 
of  nerves  within  the  body. 

Moreover,  the  rate  at  which  nervous  impulse?  travel  appears 
to  be  about  the  aame  iu  motor  a.nd  g^^ostiry  nerves;  at  least,  we 
have  no  evidence  of  any  fundamental  ditfereuce  iu  this  respect 
between  the  two.  We  have  seen  that  the  velocity  of  a  nervous 
impulse  in  the  motor  nerve  of  a  ih>\^  is  about  28  metres  per  sec- 
ond. The  velocity  of  a  motor  impulse  in  ruan,  as  judged  by  the 
difference  of  the  latent  period  of  the  contraction  of  the  thumb- 
muscles,  when  stimulutiou  is  brought  to  bear  on  the  motor  nerve 
at  the  wrist,  or  high  up  in  the  arm.  is  about  83  nietrea  per  second. 
In  warm-blooded  auimale,  however,  the  rate  of  transmission  of 
motor  impulses  is  very  variable,  being  in  particular  closely  de- 
pendent on  tem[>erature,  and  probably  also  on  other  circum- 
stances. Thus  it  may  range  from  as  low  as  80  m.,  when  the 
nerve  is  cooled,  to  as  high  ns  90  m.,  when  it  is  warmed.  The 
velocity  of  a  sensory  impulse  iri  estimated  by  measuring  the  time 
taken  between  a  stimulus  beiug  brought  to  bear  on  some  ^ntient 
surface,  as  the  skin,  and  the  making  of  a  signal  by  the  individual 
ejcperimented  on  at  the  instant  that  he  feck  the  stimulns.  The 
time  taken  up  in  the  sensory  impulse  becoruing  converted  into  a 
sensation  aft^r  reaching  the  nervous  central  organs,  in  the  mental 
operation  of  determining  to  make  the  signal,  and  in  the  effort  of 
making  the  signal,  corresponds  in  a  way  to  the  purely  muscular 
portion  of  the  latent  i>eriod  in  the  experiment  for  determining 
tbe  velocity  of  a  motor  impulse.  The  application  of  the  stimulus 
and  the  making  of  the  signal  {ex.  tjr.,  closing  a  galvanic  circuit) 
being  both  recorded  on  a  rapidly  travelling  surface,  the  time 
taken  up  in  the  whole  o|>eration  can  be  easily  measured ;  and 
the  diH'ereuce  between  the  time  taken  when  the  stimulus  is  ap- 
plied to  some  spot  separated  from  the  central  nervous  system  hy 
a  short  piece  of  nerve — ex.  gr.,  the  lop  of  the  thigh,  and  that 
taken  when  a  long  piece  of  nerve  intervenes — ex.  gr,,  when  the 
stimulus  is  applied  to  the  toe,  will  give  the  time  required  for  the 
seoBory  impulse  to  pass  along  a  piece  of  sensory  nerve  as  long 
aa  the  difference  of  length  between  the  above  two  nerves;  from 
which  the  velocity  can  be  calculated.  Obeervations  carried  on 
in  this  way  have  led  to  most  discordant  results,  varying  from  2H 
metres  to  04  metres,  or  even  more,  per  second.  The  diHerence 
here  is  far  too  great  to  allow  any  value  to  be  attached  to  an 
average.  When  it  is  remembered  how  complex  are  all  the  cen- 
tral nervous  o)>eration8  in  these  inatuuces,  as  compared  with  the 
changes  going  on  in  a  mui^cle  during  the  latent  period  of  its  con- 
traction, and  how  these  central  operations  might  vary  according 
as  one  or  other  spot  of  skin  was  stimulated,  quite  iudejiendently 
of  tbe  length  of  nerve  between  the  centre  and  the  spot  stimu- 
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lated,  these  discrepancies  will  not  be  wondered  at;  and  it  mmy 
fairly  be  conr]ude4i  thul  the  velncity  of  a  sensory  impulse  doea 
Dot  materially  differ  from  ihut  of  a  motor  impulse. 

There  are,  however,  certiiiu  phenomena  which  might  at  first 
aight  be  interpreted  as  indicating  that  afferent  and  efferent  nerve- 
fibres  behave  differently  towards  stimuli.  We  have  already 
(p.  123)  stated  that,  according  to  most  observers,  when  an  ordi- 
nary motor  nerve,  Buch  as  a  nerve  supplying  a  muscle,  is  heated, 
no  indications  of  the  generation  of  nervous  impulses,  no  con- 
traction of  the  muscle,  fur  instance,  are  observed.  The  heat 
does  not  act  as  a  t^timuluH;  it  may  Increase  the  irritability  of 
the  nerve  for  the  time  being,  but  apparently  cannot  originate 
the  explosive  discbarge  which  we  call  an  impulse.  We  have 
also  seen  that  <iuriDg  the  pas^tagc  of  a  constant  current  ahmg  the 
nerve  of  a  muscle-nerve  preparation  no  contractions  arc  visible; 
no  impulses,  save  in  certain  particular  cuse«,  are  generated,  so 
long  as  the  current  is  uol  suddenly  varied  in  strength.  But  it 
baa  been  found  that  wlieii  afferent  nerve-fibres,  such  as  those  in 
the  central  stump  of  the  divided  sciatic  or  in  the  central  stump 
of  the  vagUB,  are  heated  to  45"^  or  •'jO^  events  occur,  clearly 
proving  that  impulses  are  generated  in  the  afferent  fibres  by  the 
elevation  of  temperature.  Id  the  case  of  the  sciatic  the  animal 
shows  sign  of  pain,  the  bltMnl-pressure  is  aflecled,  etc. ;  and  in 
the  case  of  the  vaf^uB  the  heart  is  slowed  by  reflex  inhibitory 
impulses  pn^ing  down  the  other,  intact,  vagus,  though  healing 
the  peripheral  instead  of  the  central  stump  of  the  divided  vagus 
has  no  effect  whatever  on  the  heart.  Similarly  when  the  same 
nerves  or  other  nerves  containing  hfTereut  fibres  are  submitted 
to  the  action  of  the  c*mstiitii  current,  there  are  like  evidence*  of 
the  coniinueti  generation  of  nervous  impulses  during  the  whole 
time  of  the  passage  of  the  current,  even  though  it  be  kept  aa 
uniform  in  strength  as  possible.  On  the  other  hand,  many 
chemical  substances  which  act  as  powerful  stimuli  to  motor 
nerves  are  ineffectual  towards  afferent  fibres.  These  reaulta, 
however,  until  the  contrary  is  proved  by  further  inquiries  into 
the  phenomena  attending  the  generation  and  transmiaaion  of 
nervous  impulses,  may  be  taken  as  indicating  not  so  much  that 
the  afferent  and  efferent  fibres  are  themselves  acted  upon  In  a 
different  way  by  heat  or  by  the  constant  current  as  that  the 
molecular  disturbances  generated  in  both  eases  have  different 
eflTects  according  as  they  impinge  upon  a  central  or  a  peripheral 
mechaniiim.  We  chu  readily  imagine  that  molecular  disturbances 
which  would  lie  impotent  to  stir  the  sluggish  muscular  sulwtance 
to  a  contraeLioii,  and  thus,  so  to  speak,  be  lost  upon  the  muscle, 
might  produce  a  very  great  eftect  on  the  more  sensitive  and 
"»"bile  material  uf  the  central  nervous  system.  We  may  for  the 
therefore,  conclude  that  there  is  no  distinct  proof  of  an 
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abgolule  diflerence  between  aflerent  and  eflerent  fibres,  biit  we 
must  at  the  same  time  be  cuutiuua  not  tu  consider  tbe  grosser 
phenomena,  presented  by  a  muscle-nerve  preparation,  as  a  satis- 
factory  test  of  all  the  changes  which  may  take  place  in  a  uerve- 
fibre.  The  necessity  of  this  caution  will  be  almost  immediately 
illustrated  from  another  point  of  view. 

The  apparent  identity  in  function  between  afferent  and  efferent 
fibres,  taken  into  consideration  with  the  facts  just  mentionetl  con- 
cerning the  regeneration  of  nerves,  suggests  the  inquiry  whether 
by  a  change  of  the  peripheral  or  central  organs  a  nu)tor  nerve 
can  be  converter!  into  a  sensory  nerve,  or  vice  ve^sa.  Exjjerinients 
made  with  a  view  of  obtaining  a  functional  union  between  purely 
motor  and  sensory  nerves  have,  in  the  hands  of  most  observers, 
failed.  And,  thtiugh  an  apparent  union  between  the  central 
portiuu  of  a  divided  lingual  (sensory)  nerve  and  the  peripheral 
portion  of  a  divide<l  hyimgloesal  (motor)  nerve  has  been  accom- 
plished, with  the  result  that  stimulation  of  the  lingual  trunk 
produced  movements  in  tbe  tongue,  tlie  case  breaks  down  upon 
examination.  In  the  first  place,  though  the  nerves  appeared  to 
have  united,  there  was  no  actual  union  between  the  lingual  and 
hyiK>glo&sal  fibres,  but  degeneration  of  the  latter,  and  a  growth 
downward  of  the  former  ;  in  the  second  place,  the  movements  of 
the  tongue  when  the  lingual  tnmk  was  stimulated  appear  to  have 
been  brought  about  by  stimulation  not  of  the  sensory,  true  lingual, 
fibres,  but  of  motor  (chorda  tympani)  fibres  running  in  the  lingual 
trunk. 

We  have  already  seen  (p.  l.*J9)  that  a  sensory  nerve  in  ita 
simplest  form  may  be  regarded  as  n  strand  of  eminently  irritable 
protoplasm,  forming  a  link  between  a  superficial  cell  which  alone 
is  subject  to  extrinsic  stimuli,  and  a  central  (reflex  or  automatic) 
cell  which  receives  stimuli,  chiefly  in  the  form  of  nervous  im- 
pulses proceeding  from  the  former  along  the  connecting  strand. 
In  the  earliest  stages  of  the  development  of  a  sensory  nervous 
system,  the  superficial  sensory  cell  is  susceptible  of  stimuli  of  all 
kinds,  provided  tliuy  are  sufficiently  strong;  and  probably  all 
the  impulses  which  it  transmits  to  the  central  cell  resemble  each 
other  very  clt*sely,  differing  only  in  degree.  It  is  obvious,  how- 
ever, that  the  economy  wouhl  gain  by  a  further  division  of  labor, 
by  a  ditfcrentiation  of  the  simple  uniform  8U[>erficial  cell  into  a 
number  of  cells,  each  of  which  was  more  susceptible  to  particular 
stimuli  than  its  fellows.  Thus  one  cell,  or  rather  one  group  of 
cells,  would  become  eminently  suaceptible  to  the  influence  of 
light:  in  them  the  impact  of  rays  of  iighl  would  give  rise  to 
nervous  impulses  more  readily  than  in  the  other  grou}ts  ;  another 
group  would  develop  a  sensitiveness  to  waves  of  sound,  and  so 
on.     In  this  way,  the  primary  homogeneous  bodilv  surface  would 
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be  diiferentiated  into  a  series  of  sense  orgmiSf  dispoecd  and 
ranged  among  ectodermic  cells,  the  purpose  of  the  latter  beiog 
simply  protective,  and,  therefore,  not  demanding  the  exisleuccof 
any  direct  connection  with  the  central  nervous  system.  Similar 
but  less  highly  marked  differentiations  would  be  established  in 
the  endings  of  the  afferent  aervrs  conuecting  the  central  nervous 
system  with  the  internal  ^uiJuces  and  parts  of  the  body. 

Moreover,  it  is  obvious  that  the  sensory  impulses  trunsniitted 
to  the  central  nervous  system  by  these  differentiated  seDse-orgnns 
will  probably  be  themselves  largely  ditlereutiated.  Just  as  the 
impulses  which  pasa  along  a  motor  nerve  differ  according  tt)  the 
uature  of  the  stimulus  which  is  applied  to  the  nerve  (whether, 
for  inatanee,  the  stimulus  be  a  single  induction-shock,  or  severaJ 
shocks  re|)eated  slowly,  or  several  shocks  repealed  rapidly,  and 
BO  on,  the  effect  ou  the  muscle  being  in  each  case  a  different  one), 
BO  also,  and  even  to  a  much  greater  degree,  do  the  impulses 
generated  by  light  in  a  visual  sense-organ  in  all  probability 
differ  from  those  generated  by  simple  pressure  in  a  tactile  sense- 
organ. 

And  since  these  various  sensory  impulses  have  much  work  to 
perform  on  arriving  at  the  central  nervous  system,  in  the  way  of 
inHueucing  the  iimllitudinous  molecular  operations  going  ou  in 
the  central  cells,  and  of  aflecting  consciousness,  this  differentia- 
tion of  sensory  organs  and  sensory  impulses  will  naturally  be 
accontpanied  by  a  corresponding  differentiation  of  those  central 
cells  which  the  impulses  first  reach  on  arriving  at  the  central 
organ.  Those  cells,  for  instance,  of  the  central  aervous  system 
which  first  receive  the  particular  nervous  impulses  coming  from 
the  visual  sense-organs,  will  be  set  apart  for  the  lAsk  of  so  modi- 
fying and  pre|)ariug  those  impulaes  as  to  adapt  them  in  the  best 
possible  way  tor  the  work  which  they  have  to  do.  Hence,  each 
peripheral  sense-organ  will  l>e  united  bv  means  of  its  nerve  with 
a  corresponding  central  sense-organ,  the  former  being  able  to 
affect  various  parts  of  the  central  nervous  system  only  through 
the  medium  or  the  latter.  And  we  have  evidence,  at  lea«t  as  &r 
as  relates  to  all  the  central  nervous  operations  in  which  con- 
sciousncea  is  concerned,  that  such  central  sense-organs  do  really 
exist.  For  of  the  total  characters  which  belong  to  an  affectitm 
of  consciousneas  by  means  of  any  of  the  sense-organs — »'.  e.,  which 
belong  to  any  special  sensations — we  find  that  while  some  are 
gained  during  the  rise  of  the  sensory  impulses  in  the  peripheral 
sense-organ,  others  fint  appear  in  the  central  sense-organ  in  the 
ooune  of  the  changes  through  which  the  sensory  impulses  give 
rise  to  a  sensation.  Thus  a  stimulus  of  any  kind  applied  to  the 
nnLla  nerve  along  anv  part^  »'  '^  course,  if  it  is  able  to  uiart  any 
t  all,  gives  rise  to  a  aeusation  of  light  and  precisely 


SEKSE-OROANS 


571 


the  same  stimulus  applied  to  the  acoustic  nerve  along  any  part 
of  its  course  gives  rise  to  a  sensation  of  sound  ;  and  so  on.  All 
the  evidence  we  possess  goes  against  the  view  that  a  piece  of 
optic  nerve,  deprived  of  both  its  peripheral  and  central  endings, 
differs  in  function  from  a  similarly  isolated  piece  of  acoustic 
nerve;  such  facts  as  are  within  onr  knowledge  go  to  show  that 
the  disturbances  generated  in  a  piece  of  optic  nerve  by  a  galvanic 
current  are  the  same  as  those  generated  in  a  piece  of  ncouBlic 
nerve.  We  are,  therefore,  driven  to  the  conclusion  that  the  dif- 
ference which  appears  when  the  central  endings  are  intact,  arises 
in  the  central  organs. 

In  all  these  differentiated  sensory  mechanisms,  or  special 
senses  as  they  are  called,  we  have  then  to  deal  with  two  element^' ; 
the  peripheral  sense-organ,  in  which  we  have  to  study  how  the 
special  physical  agent  gives  rise  to  special  Bcnsory  impulses;  and 
the  central  sense-organs,  in  which  our  study  is  confined  to  the 
manner  in  which  these  special  impulses  modify  the  operations  of 
the  central  nervous  system.  Inasmuch  as  in  a  normal  body  the 
peripheral  organ  remains  in  connection  with  the  central  organ, 
and  our  study  of  the  special  senseii  is  carried  on  chiefly  by  sub- 
jective observations  in  which  we  make  use  of  our  own  conscious- 
ness, it  frequently  l)ecomc8  very  difficult  to  distinguish  in  any 
given  sensation  the  i)eripheral  from  the  central  element.  The 
two  become  more  distinct,  the  more  complex  the  sense  and  the 
more  highly  organized  the  sense-organs.  For  this  reason,  it  will 
be  most  convenient  U>  commence  our  study  of  the  special  senses 
with  the  sense  of  virion. 


CHAPTEK    II. 

[Fhynological  Anatomy  of  the  £jpe. 

The  eyeball  is  of  a  spheroidal  shape.  It  ooDMStB  of  two  seg- 
ments of  differeDt-sized  spheres.  The  larger  amuent  is  situated 
posteriorly,  and  constitutes  about  five-sixths  of  the  walla  of  the 
eyeball.      From  its  free  margin  pmjects  the  smaller  segment. 

Fio.  174. 


|II««1|IAII   01    A    lUiHIIKXSTAL   Sr.<TlMM   <^>    TWI    K1UAI.J. 
M,  (fiitMr  tir  ■Ivtuttt  oMt  ;  tt.  111*  otnina  ;  l\  intUiUn  or  rburulilut  rt«l ;  m,  rllbv^ 

.  tH,.r\    1..;.  .^  ■    t     .  lll_rv    ii.iib  I.       .iii.t     t     ,•!.  ti.i...k     .  ....t   ..f    1  .1 1 1.~     l..i...i»  wUh 


ral«n> inilM ,  ^  u|it^   iMaVA.     limd.Hta<d  Un»ttu-»qAli   tbv  wnlr^  W  lll»  (tiritftrudilMl  ftXtottf 


Mler  sphere.    The  p<«terior  segment  is 

'^omitio,  firm  wall,  cnimisiing  of  three 

"«•  il»r  cfionnd,  aud   rflitta.     The  an- 

wiUi  the  sclerotic  coat    (Fig.  174.) 
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It  ia  a  transpBrent,  elHPtic,  convex  organ,  called  the  cornea.  The 
cornea  consists  (if  three  layers — an  anterior  and  posterior  elastic 
lamina,  having  between  them  a  layer  which  is  the  proper  tissue 
of  the  organ.  This  middle  layer  13  composed  or  about  sixty 
BUperimpoeed  1amin:e  of  fusiform  fibrous  cells.  In  the  interstices 
between  the  Inminic  are  found  tubular  spaces,  which  contain  a 
transparent  fluid.  The  anterior  and  posterior  elastic  Inminie  are 
structureless  and  hij^hly  elastic.  When  separated  from  the 
proper  corneal  tissue  they  have  a  great  teudency  to  curl  up. 
This  fact  suggests  that  these  two  laminie  are  active  agentij  iu  the 
retention  of  a  proper  curvature  of  the  cornea.     The  cornea  is 


Fir;.  175. 
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VKKTICAI.  SK<TIUN  I'f  THB  <VmMR« 
f,  inuiHir  iImup  iif  llin  Konivn  ;  tl,  KOloriiu  clmrtk'  Imnlim  of  l\>rlH>l^  WlUi  D,  titr  uui^uuc- 
lh»l  ui»{(htfMniii  uD  it ;  f*  ottl)t(tlo  niin«  fruili  It  In  tlitf  liiypn uf  Uic  ntrnra  ,  K,  {luatrriur  vkwtir 
UuiiitiR,  vrfUi  F,  H|iiUift1lttiii  tin  ii  >ir  ilie  lui'iul'niiir'  nf  UeBiunrH ;  IJ,  furfwx  rh'Vf  of  tliv  I'lti- 
tbrlluni  i^r  tli«  iiuitittnitiirt  i<r  IWiiiitini. 


covered  on  its  anterior  surface  by  tlie  conjunctival  mucous  mem- 
brane, which  conaistfl  of  three  or  tour  layers  of  pavement  epi- 
thelium cells;  the  deeper  layers  of  cells  are  oblong,  and  placed 
perpendicularly.  (Fig.  MT}.)  The  conjunctiva  at  this  point  has 
no  perceptible  basement  membrane.  The  i>o8terior  surface  of 
the  cornea  is  covered  by  a  transparent  serous  membrane,  which 
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internal  position  to  the  radiating  layer.  The  ciliary  muscle  is 
inserted  into  the  external  surface  of  the  anterior  portion  of  the 
choroid    coat,  the  fihres  extending  somewhat  posterior  tu  the 


Fio   17fi. 


K^RU  ViK«  'ti'  run  PiuMT  lit  Tii«  CiiMitoio  c«kf  uiTM  rT«  CiijAitt    rniK'imw.  a.«ii  tntt 
UktH  or  -riiK  lui*. 
«.  aiilerfor  itltvcof  llm  ehiin>l<l  c<«t:  6.  clUnry  |.rut*'*of  t  c,  lri«t  ((,  ■phlnrl^r  rj  Uii*  iiiiiiil : 
i>,  liuiiillei  of  Hlm^  nf  ibf  flllMdir  uf  Uit*  fnitlt. 

anterior  tiiargiu  of  the  retina.    This  muscle  ia  a  very  important 
factor  in  the  mechanism  of  accommodation. 

Fio.  177. 


r^KfTliiK    fir   TDK    ClI.tAUf     Ul'.IO>    i>|-    TDK    KlK    IN    M4N. 

«» mcrlillon*!  iitwittiUr  tOM'Jtull  mF llix  tuimrMliu tlllurl* :  \  •K«'[>t'r-wMU<i]  nt<Ufttlnir  riM'lt-iiU  . 
r,  0.  <-.  ktiinilnr  itloxiu;  tf,  miiinliir  iiium-li' xr  Miill«r;  /  mtiMriitHi'  iBiiiiiin  <in  ibtf  iK»(«riMr 
■urfUrw  itT  Ihti  lii*  ;  f,  iiiim-uIiu'  ;il<<xiin  »t  rb»  ciUitiry  lirinlnr  nf  tlH<  Iri* ;  r,  aiiiiillai  trillion  of 
IJtr  muir(il(w  HliAria;  k,  ll^nnMTiluiii  imlliiiittiiti 

The  in'*  is  a  fibro-muscular  curtain  which  issuspeuded  between 
the  cornea  and  the  crystalline  lens.     It  is  attached  by  its  cir- 


676 


ANATOMY    or    THK    BYE 


cumfereDce  to  the  iDtemal  wall  of  the  9inus  c  tniiis.  lo  lU 
centre  is  a  r>UDd  perforatii>D  ealleii  the  pupil,  whicb  is  susceptible 
of  ooositierable  variatiooa  in  size.  This  membrane  is  conipoee<] 
of  a  Hbroconnective  tissue  baring  a  general  radiating  direction 
from  the  papillary  border  Within  this  tiasue  are  found  pigment- 
cells  and  uu^triated  muscular  tissue.  The  mnscular  tiarae 
element  ctiutiiet^  of  radiating  and  circuiar  fasciculi.     (Fig.  178.) 

Fio.  178. 


niTR    ll4liMf. 


Hlth  ill  iv>r|>tiM'lw. 

The  elmilar  faaciculi  form  a  sphincter ut  the  pupillary  margin; 
iho  rudiuting  fanciculi  radiate  from  the  sphincter  to  the  circum- 
ference. At  the  circumference  of  the  iris  the  membrane  lining 
the  nnlerior  chnniber  forma  fibrous  processes,  which  are  termed 
the  Uffami'nium  iritiijtpectifiaium.  The  p<>»terior  surface  is  covere<l 
with  a  [>ig[nentary  layer,  which  is  a  coutinuaiion  nf  the  pigment 
layer  of  the  retina. 

The  retina  or  third  <^"»at  consisti  of  two  portions :  the  pig- 
mentary membrane  and  terminal  olemenla  of  the  optic  nerve. 
The  intmuntarv  membr<uic  "r  external  luyer,  wiiich  has  been 
,  f  iho  twea,  covers  the  whole  of  the  internal 

rv  f>roroaft.'k    ibe   iris,  and  the  choroid.     It 
ai^uoal  tiucleale<i  pigwent-oellfl 
K'-r..  the  internal  surface  of 
I  between  the  cellular 
„^     ■■•."■.     \\   '.-  •.^'i'i*^nily  dissected  with 
-tol^on  of  lu  one  of  iu  lamime.    The  color 
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or  the  iris  in  different  individuals  is  dependent  upon  thg  density 
of  tlie  tibroconnectivc  tirmue  anterior  tu  the  uvea,  and  to  the 
amount  of  pigmeut-grHnules  in  it.  lu  persona  with  dark  eyes 
the  pigment  in  this  tissue  is  relatively  more  abundant. 

The  interiud  or  nervoxm  layer  of  the  retina  is  compoeed  eflsen- 
tially  of  the  terminal  nerve  elements  of  the  optic  nerve.     £x- 

Fio.  179. 


FlOHKyT-f'KLM  iyV  Tllff  Etrhau.     (K<>r.i.TKint.) 

A,  ranilfl<!>il  ptfnu'nt*rfltii  of  thr  rhomld  coat  ;  r,  IVnnt  virw  of  tho  h<rxBg»tiat  r«lli  nr  Uto 

|i4gni4«nUi7  nriiitinwe, 

ternally  it  is  covered  with  the  pigmentary  layer;  internally,  it 
is  lined  by  a  homogeneous  transparent  structure  calleil  the  hyaloid 
membrmie.  The  structure  of  the  retina  is  one  of  great  complexity. 
It  consists  of  nine  distinct  layers,  seven  of  which  are  layers  of 
nerve  elements.  All  of  these  layers  are  bound  together  and 
supported  by  a  connective  tissue  which  contains  bloodvessels. 
This  layer  extends  from  the  entrance  of  the  optic  nerve  to  a 
point  where  the  annular  fasciculi  of  the  ciliary  muscle  are  found ; 
at  this  point  the  nervous  elements  cease  to  exist,  and  the  layer 
hna  an  irregular  dentated  margin  called  the  ora  aerrata.  Beyond 
this,  the  nervous  layer  is  continued  as  a  mere  fibrous  extenuation. 
The  optic  nerve  pierces  the  sclerotic  and  the  choroid  coats, 
and  the  pigmentary  membrane  of  the  retina,  when  it  rapidly 
divides  into  vast  numbers  of  fibres,  which  consist  alone  of  the 
axis-cylinders  or  their  ultimate  fibrilla?.  This  layer  of  fibres  is 
continuous  over  nearly  the  whole  of  the  internal  surlace,  and  is 
called  the  second  or  optic  nerve-fibre  fayer.  On  its  internal  sur- 
face»  between  it  and  tlie  hyaloid  membrane,  is  a  delicate  structure 
called  the  first  layer,  ormembrana  limitaiu  interna^  The  third  or 
ganglioii  layer  is  composed  of  multipolar  ganglion  celled  similar 
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to  those  fx)und  in  the  cerebral  subatance.  In  the  posterior  portion 
of  the  retina  these  ganglion  ceIJa  are  in  several  layers;  at  the 
ynacula  IrUea  there  are  as  many  as  eight,  and  at  the  anterior 


Fio.  180. 


Fio.  181. 


Fio.  182. 


Fto.  t^i.— nU^nLDtnifttir  JUiinmpnlalUin  of  tho  OounvelfuOB  of  the  Xnnr«-fl|in«  In 
Botirw.  1,  nivnilinLtia  limitauii  Ititi'imi;  2,  i>irtir  fifrvp-fltnv  la.iur:  \  \ajvr\tt gftm^^lhm  cvUtj 
4.  lnl«niiU  crmnnlAhNl  or  molvctilar  layair;  Ti,  Intvnwl  (cmnnlp-layir:  A,  MW'iMl  cnnnUtftl 
or  molfimlar  Uycr :  7,  *it«niiU  icranQl^-lAyAr ;  h,  inentbrmna  lluUtanf  exiBrior;  U,  tMb-tlUry 
liytir,  or  U;«r  of  nidt  bikI  nmM. 

Via.  191. — Ro«l  uid  Oiar  rrom  Ui«  Uvliottuf  MaA  {ireMirriMl  hi  %  ino  |Kf  t^nl  Mjlulinit  i.r 
iwruauilc  srid  to  nIiow  thr  tlno  Whnm  uX  tlif  aitrfat-^,  buiI  i\w  dlflWrfnt  Iriiglha  iif  lh»  liitpimU 
acfliK-nt,  Ttir  ciuUr  Mgmnnt  uf  ttir  rone  Id  lT»k'>li  Ufi  luluilbika,  Mlilch,  hoMKTpr.  ftrv  aUll 
•dberent  to  one  Miothcr  ;  Mt  t)iB  baar  of  iLv  (.vw  am  •wu  «  few  Auk  luMni  (V  liknf  illkiii»t«r«V 

tin.  Mil  — iMAgrattiDniClc  ]l«|>r(vrDlJiili>n  uf  lliu  ConnwUvc  T^tmxf  of  tlio  Itittins  m  «w>n 
lK«r  tli«  Om  BamtA.  Th«  nnmtwn  rnrTK^HiCKl  fai  Uwam  <>f  th«  •mwhi)  l«yrrv  uT  tlw  kHm 
Shown  In  Ilg.  180. 

portion  of  the  retina  there  i«  but  n  single  layer.  From  each  of 
theae  cells  fibres  are  continued  to  the  fifih  ur  internal  ut-unule- 
tayer,  which  consists  of  granular  cells  with  nuclei.    Between 
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the  third  aud  Hflh  layers  in  a  layer  uf  vesicular  matter  cuDtain- 
ing  nerve-tibrila  of  extreme  ininutenesB.  Tiiia  layer  is  the  fourth 
or  iuterual  gvamdaUd  or  vwUcni^ir  Inyer,  The  gixOt  or  eai^Unrrudl 
granulnied  or  molecular  layer  consiats  of  parallel  interlaced  fibres, 
coutainiag  nuclei  aud  smooth  cells.  The  sevenOi  or  external 
granule  layer  its  very  siuiilnr  tu  the  fifth.  The  eij/htJi  layer  consiats 
of  H  delicate  membrane  of  connective  tissue,  called  the  metn^i 
braiia  limitajis  externa.  The  ninth  or  baciilary  layers  or  layer  of 
rods  and  ro/i^j*.  or  Jacobus  membrane,  is  composed  of  two  elements, 
the  rodn  and  coiie^.  The  rods  are  cylindrical  bo<lies,  each  ending 
externally  in  a  truncated,  flattened  extremity,  and  internally  as 
an  attenuated  fibre,  which  probably  communicates  with  the 
deeper  layer  of  ganglion  cells.  The  conen,  as  their  names  indi- 
cate, are  conical-shaped  bodies.  Each  consists  of  two  portions, 
aconical  body  having  projecting  from  its  apex  a  rod-like  segment, 
which  appears  in  all  respects  like  the  ro<is.  This  segment  is 
called  the  cone  rod.  The  terminal  extremities  of  the  cone  rods 
do  not  extend  as  far  externally  as  the  extremities  of  the  rods. 
The  rods  and  cones  have  been  demonstrated  to  consist  of  two 
segments  or  limbs^  which  are  composed  of  filaments,  granular 
matter,  and  nuclei. 

The  optic  nerve,  where  it  pierces  the  coats  of  the  eye,  projects 
somewhat  t>ey(>nd  the  surface  of  the  retina,  as  a  papilla;  here 
the  essential  nerve-elemeuts  uf  the  retina  are  absent,  and  luminous 
rays  are  unperceive^l  ;  hence  it  is  called  the  blind  spot.  About 
2.6  mm.  external  to  the  point  of  entrance  of  the  optic  nerve, 
and  in  the  exact  centre  of  the  retinal  surface  corresponding  to 
the  anteroposterior  axis  of  the  eye,  is  the  "yellow  spot  of 
Sommerring"  or  mocwAi  luttui.  (ViQ.  183.)  It  is  an  elliptical- 
shaped  spot,  having  its  long  diameter  transverse.  In  the  centre 
of  the  macula  lutea  is  a  depression  called  the  fovea  centralis.  At 
this  point  the  nervous  layer  of  the  retina  is  very  njuch  modified 
in  composition  of  the  different  layers.  At  the  macula  lutea  the 
nervous  layer  is  much  thicker  than  at  any  other  part  of  the 
membrane.  The  ganglion  (third)  and  the  external  granulated 
(sixth)  are  the  most  thickened.  The  ganglion  layer  consiets  of 
six  or  eight  lamina)  of  cells.  The  rods  of  the  ninth  layer  are 
absent,  and  are  replace^]  by  cones.  In  the  /ovm  c^niralie  the 
internal  granulated  (fourth),  the  internal  granule  {fifth),  aud  the 
optic  nerve-fibre  (se^^nd),  are  wanting.  The  ganglion  cell  (third), 
the  external  granulated  (sixth),  trnd  the  external  granule  (seventh) 
layers  are  increased  in  thickness.  The  ganglion  layer  of  cells 
in  the  fovea  consists  of  three  lamime.  In  all  portions  of  the 
nervous  layer  the  rods  greatly  predominate  in  number  over  the 
C(m<s,  excepting  in  the  macula  lutea,  where  they  are  entirely 
absent.    The  retina  is  much  thicker  posteriorly,  becoming  thinner 
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as  it  extends  forwards  ;  the  nervous  layer  gradually  dieappeariag 
iu  the  anterior  portion  of  the  membrane. 

The  interior  of  the  eyeball  ib  divided  into  two  portions  by 
the  crystalline  lens  and  its  suspensory  ligament.  The  anterior 
pijriion  contains  the  aqneoxu  hnvior,  the  posterior  contains  the 
vih'coxu  body. 

The  crystalline  lens  measures  about  7  mm.  in  transverse 
diameter^  and  about  4  mm.  antero-posterior  diameter.     It  is  a 
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transparent  biconvex  body,  somewhat  flattened  anteriorly.  It 
coDsists  of  a  number  of  segments  which  radiate  from  the  centre, 
similar  to  the  segments  of  an  orange.  These  segments  are  com- 
posed of  superimposed  laminw  of  varying  density.  The  m*«t 
superficial  are  soil  and  gelatinous;  the  deci>er  are  relatively 
hard,  so  that  they  form  a  kernel  or  nvrletis.  The  laminie  are 
made  up  of  parallel  fibres,  with  an  undulating  course,  the  oon- 
vexitiea  and  concavities  of  the  adjoining  fibres  fitting  accurately 
into  each  other.  The  lens  is  covered  with  a  capsule  consisting 
of  a  transparent,  elastic,  fragile  membrane,  which  has  a  tendency 
to  curl  up,  with  its  external  surface  innermost. 

The  mspeiiJiory  ligamerUot'  the  lens  is  formed  by  a  continuation 
of  the  hyaloid  membrane  which  lines  the  vitreous  body.  The 
hyaloid  vir^mbrane  is  a  delicate  transparent  structure  situated 
between  the  vitreous  btxly  ami  membrana  limitane  interna  of  the 
retina.  It  is  continued  in  front  to  the  ora  srrrata,  where  it  divides 
into  two  layers.     The  posterior  is  attached  to  the  posterior  por- 
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lion  of  the  capaule  of  the  lens  :  the  anterior  portion  gradually 
becomes  thicker  as  it  extends  forwards  behind  the  ciliary  pro- 
cesses, and  is  attached  to  the  anterior  surface  of  the  capsule. 
Thiii  thickened  portion  of  the  membrane,  which  is  corrugated 
where  it  has  attached  the  ciliary  processes,  is  called  the  zone  of 
/mil.  These  two  layers  oonslitute  the  suapeusory  ligament. 
Between  them  is  a  triangular  canal,  with  its  base  corresponding 
to  the  crystalline  lens.     This  is  called  the  canal  of  Petit. 

rFio.  186. 
The  vitrco}is  body  h  contained  within  the  cavity  formed  by  the 
nyaloid  membrane  and  the  posterior  surface  of  the  lens.  It 
cousiHteof  a  clear  colorless  albuminous  fluid,  having  au  extremely 
delicate  interlacement  of  fibres  exteniling  in  all  directions  througk 
it.  These  fibres  are  not  discernible  in  theudull,  but  can  readily 
be  seen  in  the  fa'tus. 

The  aqueoti«  humor  is  contained  within  the  space  formed  by 
the  posterior  surface  of  the  cornea,  and  the  anterior  surfaco  of 
the  lens.  The  space,  which  is  divided  into  two  chambers  by  the 
iris,  is  filled  with  a  clear.  colorleMj,  lim|nd  fluid  containing  saline 
and  proteid  substances  in  solution.  This  fluid  constitutes  the 
aqueous  humor. 

The  anterior  external  portion  of  the  eyeball,  comprising  the 
surface  of  the  cornea  and  abuut  6  or  5  mm.  of  the  sclerotic  coat, 
is  covered  by  the  conjunctival  mucous  membrane.] 


BIGHT. 

A  ray  of  light  falling  on  the  retina  gives  rise  to  what  we  call 
a  sensation  of  light;  but  tn  order  that  distinct  vision  of  any 
object  may  be  gained,  an  image  oi'  the  object  must  be  formed 
CD  the  retina,  and  the  better  defined  the  image  the  more  distinct 

49* 


582 


SIGHT. 


wil!  be  the  vision.  Hence  in  studying  the  physiology  of  vision, 
our  first  duty  is  to  examine  into  the  srrangenientH  by  which  the 
forraatiou  at*  a  satisfactury  image  on  the  retina  is  effected  ;  these 
we  may  call  briefly  the  dioptric  mechanisms.  We  shall  then 
have  to  inquire  into  the  laws  accordiug  to  which  rays  of  light 
impinging  on  the  retina  give  rise  to  sensory  impulses,  and  thoee 
according  to  which  the  impulses  thus  generated  give  rise  in  turn 
to  seusations.  Here  we  snail  come  upon  the  difficulty  of  dis- 
tinguishing between  the  unconscious  or  physical  and  the  con- 
scious or  psychical  factors.  And  we  shall  find  our  difficulties 
increased  hylho  iaei,  that  tn  appealing  to  our  own  con^ciousneoa 
we  are  apt  to  fall  into  error  by  confounding  primary  and  direct 
sensations  with  states  of  consciousness  which  are  produced  by 
the  weaving  of  these  primary  sensations  with  other  operations  of 
the  central  nervous  system,  or,  in  familiar  language,  by  con- 
founding what  we  see  with  what  we  think  we  see.  These  two 
things  we  will  briefly  distinguish  as  visual  sensations  and  visual 
uilgments;  and  we  shall  find  that  both  in  vision  with  one  eye, 
ut  more  especially  in  binocular  vision,  visual  judgments  form  a 
very  large  part  of  what  we  frequently  speak  of  as  our  sight. 
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Sfia  1. — Dioptric  Mechanibms. 

Uie  Formation  of  the  Image. 

The  eye  is  a  camera,  consisting  of  a  series  of  lenses  and  media 
arranged  in  a  dark  chamber,  the  iris  serving  as  a  diaphragm ; 
and  the  object  of  the  apparatus  is  to  form  on  the  retina  a  distinct 
image  of  external  objects.  That  h  distinct  image  is  formed  on 
the  retina,  may  be  ascertained  by  removing  the  sclerotic  from 
the  back  of  an  eye,  and  looking  at  the  hinder  surface  of  the 
transparent  retina  while  rays  of  light  proceeding  from  any  ex- 
ternal object  are  allowed  to  fall  on  the  cornea. 

A  dioptric  apparatus  in  its  simplest  form  consists  of  two 
media  separated  by  a  (spherical)  surface ;  and  the  optical  pro- 
perties of  such  an  apparatus  depend  up«5n  (1)  the  curvature  of 
the  surface,  (2)  the  relative  refractive  nowerof  the  media.  The 
eye  consists  of  several  media,  bounded  by  surfaces  which  are 
approximately  spherical  but  of  different  curvature.  The  sur- 
faces arc  all  centred  on  a  line  called  the  opUc  axis,  -wWvcV  meels 
the  retina  at  a  point  somewhei-e  above  and  to  the  Vtvuer  (nasal) 
ftide  of  the  fovea  centralis.  In  passing  from  the  c:n>^\.^t  ««K%«^ 
of  r  the  retina   the  raye  of  light   tra*^^^  x^»at> 

,   the  aqueous  humor,  the  len^  an.]— 
^  ii^^iucudn  takt*  place  at    M  the  aurfa, 
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these  several  media,  but  particularly  at  the  anterior  surface  of 
the  cornea,  an(J  at  both  the  anterior  and  |>o8terior  surfaces  of  the 
lens.  Since  the  anterior  and  posterior  surfaces  of  the  cornea  are 
parallel,  or  very  nearly  so,  tht?  rays  of  light  would  suffer  little  or 
no  change  of  direction  in  pngsiug  through  the  cornea,  if  it  were 
bouuded  ou  both  sides  by  the  same  medium.  The  direction  of 
the  rays  of  light  in  the  aqueous  humor  would  therefore  remain 
the  same  if  the  cornea  were  made  exceedingly  thin^  if  in  fact  its 
two  surfaces  were  made  into  one.  forming  a  single  anterior  surface 
to  the  aqueous  humor ;  or.  which  comes  to  the  same  thing  in  the 
end,  since  the  rcfnu^tive  power  of  the  substance  oi'  the  cornea  ia 
almost  exactly  the  same  as  that  of  the  aqueous  humor,  the  re- 
fraction at  the  posterior  surface  of  the  eoruea  may  be  neglected 
altogether.  Thus  the  two  surfaces  of  the  cornea  arc  practically- 
reduced  to  one.  The  lens  varies  in  density  in  different  parts, 
the  refractive  power  of  the  central  portions  being  greater  than 
that  of  the  external  layers;  but  the  refractive  power  of  the 
whole  may,  without  any  serious  errur,  be  assumed  to  be  uniform. 
The  refractive  power  of  the  vitreous  humor  is  almost  exactly 
the  same  as  that  of  the  aqueous  humor. 

Thus  the  apparently  complicated  natural  eye  may  be  siropli* 
Hed  into  a  '*  diagrammatic  eye/'  in  which  the  refracting  surfacee 
are  reduced  to  three,  viz.,  (1)  the  anterior  surface  of  the  cornea, 
I  2)  the  anti  rior  surface  of  the  lens  separating  the  lens  irom  the 
aqueous  humor,  and  (3)  the  posterior  surface  of  the  lens  separat- 
ing the  lens  from  the  vitreous  humor.  The  media  will  similarly 
be  reduced  to  two;  the  substance  of  the  lens,  and  the  aquei^us 
or  vitreous  hunmr.  This  "tiiagrammatic  eye"  is  of  great  use  in 
the  various  calculations  which  become  necessary  in  studying 
physiological  optics ;  for  the  magnitudes  which  are  derived  by 
calculation  from  it  represent  the  corresponding  magnitudes  in 
an  average  natural  eye  with  sufficient  accuracy  to  serve  for  all 
practical  purposes.  The  values  adopted  by  Listing  for  the  con- 
BtantB  of  this  "diagrammatic  eye,"  and  to  him  we  are  indebted 
for  the  introduction  of  it,  are  as  follows: 

MllliiiiotrM. 

Kadius  of  curvitture  u(  cornea     .....  8 

Kttdius  of  curvitlure  of  autvrior  surfaao  of  lens    .  10 

KAdiuH  of  ciirvulure  of  pnitterior  surfuce  of  lens  .  <J 

Rofraclivo  indeK  of  aquoous  or  vitreous  huiuor  "^ 

Mean  refractive  index  of  lenii \^ 

Distance  from  anterior  etirface  of  cornea  lu  anterior 

surface  of  lens 4 

Thicknewof  lenfi 4 

The  calculated  position  of  the  prinripiU posterior  focu^ — ?,  c,  the 
point  at  which  all  rays  falling  on  the  cornea  parallel  to  the  optic 
axis  are  brought  to  a  focusj  is  in  the  diagrammatic  eye  14.0470 
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mm.  behind  the  poeterior  surface  of  the  lens,  or  22.6470  mm. 
behind  the  anterior  surface  of  the  cornea.  That  is  to  say.  the 
fovea  centralis  must  occupy  this  position  in  order  that  a  distinct 
image  of  a  distant  ubject  may  be  formed  upon  it.  It  must  be 
understtmd  that  these  values  refer  U)  the  eye  when  at  rest — i.  d., 
when  it  is  not  undergoing  any  strain  of  uccommodatioD, 

Accomnwdation, 

When  an  object,  a  lens,  and  a  screen  to  receive  the  image,  are 
so  arranged  in  reference  to  each  other,  that  the  image  falls  upon 
the  screen  in  exact  focus,  the  rays  of  light  proceeding  from  each 
luminous  point  of  the  object  are  brought  into  focus  on  the  screen 
in  a  point  of  the  image  corresponding  to  the  point  of  the  object. 
If  the  object  be  then  removed  further  away  from  the  lens,  the 
rays  proceeding  in  a  pencil  from  each  luminous  ]K>int  will  l)e 
hrou^Dt  to  a  focus  at  a  point  iu  front  of  the  screen,  and,  subse- 
quently diverging,  will  fall  upon  the  screen  h.s  a  circular  patch 
composed  of  a  series  of  circles,  the  so-called  dij'tmon  circles, 
arranged  concentrically  round  the  principal  ray  of  the  pencil. 
If  the  object  be  removed,  not  further,  but  nearer,  the  lens,  the 
pencil  of  rays  will  meet  the  screen  before  they  have  been  brought 
to  focus  in  a  point,  and  consequently  will  in  this  case  also  give 
rise  to  diOusion  circlea.  When  au  object  is  placed  before  the 
eye,  so  thnt  tfie  image  falls  into  exact  focus  on  the  retina,  and 
the  pencils  <jf  rays  proceeding  from  each  luutiuous  point  of  the 
object  arc  brought  into  focus  in  points  on  the  retina,  the  sensa- 
tion called  furth  is  that  of  a  distinct  image.  When,  on  the  con- 
trary, the  object  is  too  far  away,  so  that  the  focus  lies  in  front  of 
the  retina,  or  too  near,  so  that  the  focus  lies  behind  the  retina, 
and  the  ]>encils  fall  on  the  retina,  not  as  points,  but  as  systems 
of  ditVusion  circles,  the  sensation  produced  is  that  of  an  iudistinct 
and  blurred  image.  In  order  that  objects  l>oth  near  and  distant 
may  be  seen  with  equal  distinctness  by  the  same  dioptric  appa- 
ratus, the  focal  arrangements  of  the  apparatus  must  be  acccmmo^ 
dated  to  the  distauce  of  the  object,  either  by  changing  the 
refractive  power  of  the  lens,  or  by  altering  the  distance  between 
the  lens  and  the  screen. 

That  the  eye  does  possess  such  a  power  of  accommodation,  is 
shown  by  every-day  experience.  If  two  neecllcs  be  fixe<l  uj>right 
some  two  feet  or  so  apart,  into  a  long  piece  of  woik).  and  the 
wood  be  held  before  the  eye,  so  that  the  needles  are  nearly  in  a 
line,  it  will  be  found  that  if  attejition  be  directe<i  to  the  &r 
needle,  the  near  one  ap(>eurs  blurred  and  indistinct,  and  that, 
conversely,  when  the  uear  one  is  distinct,  the  far  one  appears 
blurred.     By  au  effort  of  the  will  we  can  at  pleasure  wake  either 
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the  far  one  or  the  near  one  distinct,  but  not  both  at  the  same 
time.  When  the  eye  is  arranged  so  that  the  far  needle  appears 
distinct,  the  image  of  that  needle  falls  exactly  on  the  retina,  and 
each  })encil  from  each  luniinoua  |>uiot  of  the  needle  uiiiLea  in  a 
point  upon  the  retina;  but  when  this  \a  the  case,  the  focus  of  the 
near  needle  lie^  behind  the  retina,  and  each  pencil  from  each 
himinouB  point  of  i\m  needle  falls  upon  the  rt-tiiia  in  a  series  of 
diffusion  circles.  Similarly,  when  the  eye  is  arranged  so  that 
the  near  uecdlo  is  dit^tiuct,  the  image  of  that  needle  falls  upon 
the  retina  in  such  a  way  thnt  each  pencil  of  rays  from  CAch 
luminous  point  of  the  needle  unites  in  a  point  on  the  retina, 
while  each  pencil  from  each  luminous  point  of  the  far  needle 
unites  at  a  point  in  front  of  the  retina,  and  then  diverjjinjr  again 
falls  on  the  retina,  in  a  series  of  diffusion  circles.  If  the  near 
needle  he  gradually  brought  nearer  and  nearer  to  the  eye,  it  will 
be  found  that  greater  and  greater  effort  is  renuired  tu  see  it  <liB- 
tinctty,  and  at  last  a  point  is  rcache<l  at  which  no  effort  can 
make  the  image  of  the  needle  appear  anything  but  blurred. 
The  distance  of  Ibis  point  Iroin  the  eye  marks  ihe  limit  of  ac- 
commodation for  near  objects.  Similarly,  if  the  person  be  short- 
sighted, the  far  needle  may  be  moved  away  from  the  eye,  until  a 
point  is  reache<l  at  which  it  ceases  to  be  seen  distinctly,  and 
appears  blurred.  In  the  one  case^  the  eye,  with  all  its  power,  is 
unable  to  bring  the  image  of  the  needle  suffici^'ntly  forward  to 
fall  on  the  retina:  the  focus  lies  permanently  behind  the  retina. 
In  the  other,  the  eye  cannot  bring  the  ima^e  eufGciently  back- 
ward to  fall  on  the  retina ;  the  focus  lies  permanently  in  front  of 
the  retina.  In  both  cases  the  pencils  of  rays  from  the  needles 
strike  the  retina  in  diffusion  circles. 

The  same  phenomena  may  be  shown  with  greater  nicety  by 
what  is  called  Scheiner's  Experiment.  If  two  smooth  holes  be 
pricked  in  a  card,  at  a  distance  from  each  other  less  than  the 
diameter  of  the  pupil,  and  the  card  be  held  up  before  one  eye, 
with  the  holes  horizontal,  and  a  needle  placed  vertically  be 
looked  at  through  the  holes,  the  folK»wing  facts  may  be  observed  ; 
When  attention  is  directed  to  the  needle  itijcif,  the  image  of  the 
needle  appears  single.  Whenever  the  gaze  is  directed  to  a  more 
distant  object,  so  that  the  eye  is  no  longer  accommodated  for  the 
needle,  the  image  appears  double,  and  at  the  same  time  blurred. 
It  also  appears  double  and  blurred  when  the  eye  is  accommodated 
for  a  distance  nearer  than  that  of  the  needle.  When  only  one 
needle  is  seen,  and  the  eye  therefore  is  properly  accommodated 
for  the  distance  of  the  needle,  no  effect  is  pnxluced  by  blocking 
up  one  hole  of  the  card,  except  that  the  whole  field  of  vision 
seems  dimmer.  When,  however,  the  image  is  double  on  account 
of  the  eye  being  accommodated  for  a  distance  greater  than  that 
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of  the  needle,  blocking  the  left-hanfl  hole  causes  a  rlisAppearanoe 
of  the  right-hand  or  opposite  image,  and  blocking  the  righi-haad 
hole  causes  the  left-hand  image  to  disappear.  \Vheu  the  eye  ia 
accommodate*!  for  a  distance  nearer  than  that  of  the  needle, 
hlt>cking  either  hole  causes  the  image  on  the  same  side  to  vauish. 
The  following  diagram  will  explain  how  these  results  are  brought 
about: 

Tjel  a  (Fig.  186)  be  a  luminous  point  in  the  needle,  and  oo,  af 
the  extreme  right-hand  and  leit -hand  rays  of  the  pencil  of  raya 
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proceeding  from  it,  and  paaBing  ruapeotively  through  the  right- 
hand  fl,  and  Ibft-haufl  /,  holea  in  the  card.  (The  figure  is  sup- 
posed to  be  a  horizontal  section  of  the  eye.)  When  the  eye  is 
accommodutcd  for  a,  the  rays  e  and  /  meet  together  in  the  point 
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c,  the  retina  occupying  the  position  of  the  plnne  nn ;  the  luminous 
point  a|){>cura  as  one  point,  and  the  nee(]le  will  appear  as  one 
nee<lle.  When  the  eye  is  accommodated  for  a  distance  beyond 
a,  the  retina  may  be  considered  Vj  lie,'  no  longer  at  tm,  but  nearer 
the  leua,  at  mm  for  example;  the  rays  ae  wilTcut  this  plane  at/}, 
and  the  rays  a/  at  9;  hence  the  luminous  point  will  no  longer 
appear  pingle,  but  will  be  seen  ae  two  poinU^  ur  rather  as  two 
systetuB  of  diffusion  circles,  and  the  single  needle  will  appear  as 
two  blurrec]  needles.  The  rays  passing  through  the  right-hand 
hole  e,  will  out  the  retina  at  p — i  c,  on  the  right-hand  side  of 
the  optic  axi«;  but,  as  we  shall  see  in  speaking  of  the  judgments 
pertaining  to  vision,  the  image  un  the  right-hand  aide  tif  the 
retina  is  rcfn-red  by  the  inind  to  an  object  on  the  left-hand  side 
of  the  person;  hence  the  afl'ectiou  of  the  retina  al  p,  produced 
by  the  rays  ae  falling  on  it  there,  gives  rise  to  an  image  of  the 
spot  a  at  P,  and  similarly  the  left-hand  spot  ^  correspond*;  to  the 
right-hand  Q.  Blocking  the  left-hand  hole,  therefore,  causes  a 
disappearance  of  the  right-hand  image,  and  viec  verBfi.  Similarly, 
when  the  eye  is  accommodated  for  a  distance  nearer  than  the 
needle,  the  retina  may  be  snpjjoscd  to  be  removed  to  //,  and  the 
right-hand  ae  and  left-hand  a/ rays,  after  uniting  at  c,  will  diverge 
again  and  strike  the  retina  at  p  and  7'.  The  blocking  of  the 
hule  r  will  now  cause  the  disappearance  of  the  image  q  on  the 
left-hand  side  of  the  retina,  and  this  will  he  referred  by  the 
mind  to  the  right-hand  side,  90  that  Q  will  seem  to  vanish. 

If  the  needle  be  brought  gradually  nearer  and  nearer  to  the 
eye,  a  point  will  bo  reached  within  which  the  image  is  always 
double.  This  point  marks  with  considerable  exactitude  the  near 
limit  of  accommodation.  With  short-sighted  persons,  if  the 
needle  be  removed  further  and  further  away,  a  point  is  reached 
beyond  which  the  image  is  always  double;  this  marks  the  far 
limit  of  accommoi^alion. 

The  experiment  may  also  be  performed  with  the  needle  placed 
horizimtally,  in  which  case  the  holes  in  the  card  should  be 
vertical. 

The  adjustment  of  the  eye  for  near  or  far  distances  may  be 
assisted  by  using  two  needles,  one  near  and  one  far.  In  this  cixse 
one  needle  should  be  vertical,  and  the  other  horizontal,  and  the 
card  turned  round  so  that  the  holes  !ie  horizontally  or  vertically 
according  to  whether  the  vertical  or  horizontal  needle  is  being 
made  to  appear  double. 

In  what  may  be  regarded!  as  the  normal  eye,  the  so-called  emr 


■  or  aoarne,  in  the  ftotfu.1  eye,  %m  we  Mball  see,  accommodation  in  cfftHsted  hy  m. 
oliftDge  In  tb«  l«uf,  aod  not  by  mo  KUarntion  in  tbe  poiition  uf  the  retio»;  but 
for  oonroai«cio«  sake  wo  u»y  here  luppoRe  tbo  retina  to  be  moTed. 
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wkBtr^  eye  i^FtgL  IdT  ftod  188),  liM  near  limit  of 
Uoa  ii  abmit  10  or  12  cm.,  aod  the  hr  limit  majr  bs  pot  lor 
pnwtial  paqKMi  At  aa  infinite  <iirtiaff     Tlie  "  nmgb  of  &k 
tiDct  riaoa,"  tberelbre,  for  the  emmotropic  ej«  is  rerj  grcoi. 


[Fm.  187. 

A 


tfm,    tmnIM  tmf9  i 


the  myopic  (Fig.  189),  or  short-sighted  eye,  the  near  limit  is 
broagnt  mnch  closer  ^5  or  6  cm.)  to  the  comes ;  and  the  far 
limit  is  at  a  variable  but  not  very  great  distance,  so  that  the 
rays  of  light  proceeding  from  an  object  not  many  feet  away  are 

[Fio.  !8S. 


tmmi4ni^v  Ry*.    TIm  «k>«i«l  Umm 


toe  ^  JlnrUac  nw  of 


brought  lo  a  focus,  not  oo  the  retina,  but  in  the  vitreous  humor. 
The  range  of  distinct  vision  is.  therefore,  in  the  myopic  eye  very 
limited.  In  the  hjpermfiropic  (Fig.  190),  or  long-sighted  eye, 
the  rnyt  of  light  coming  from  even  an  infinite  distance  are^  in 

[Pio.  189. 


th({  patusive  stat«  of  the  eye,  brought  to  a  focus  beyond  the  retina. 
Thr  H'-nr  lirriit  of  iicromniorlntion  is  nt  aome  distance  off,  and  a 
far  limit  »f'  nccomniiHlatiun  does  not  exist.  The  pretbyopic  eye, 
or  the  long  mght  of  old  people,  resembles  the  hypermetropic  eye 
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in  the  distance  of  the  near  point  of  aocoinmodfltion,  but  JifTera 
frum  it  inasmuch  as  the  lornief  is  an  esaenlially  defective  condi- 
tion of  the  accommodation  mechanism,  whereaa  in  the  latter  the 
power  of  accommodation  may  be  good,  and  yet,  from  the  internal 
arrangements  of  the  eye,  he  unable  to  bring  the  image  of  a  near 
object  on  to  the  retina.    When  a  normal  eye  becomes  presbyopic, 


lljrjMnttetroiik-  ICjre.] 


the  fur  limit  may  remain  the  same,  but  since  the  power  of  ac- 
commodating for  near  objects  is  weakened  or  lost,  the  change  is 
distinctly  a  reduction  of  the  range  of  diBtinct  vision.  In  the 
normal  emraelropic  eye,  when  no  effort  of  accommiMiation  is 
made,  the  principal  focus  of  the  eye  lies  on  the  retina,  in  the 
myopic  eye  in  front  of  it,  and  in  the  hypermetropic  eye  behiml  it. 

tfeohanism  of  Acoommodation.— In  directing  our  attention 
from  a  far  to  a  very  near  object  we  are  conscious  of  a  distinct 
eflbrt,  and  feci  that  some  change  haa  taken  place  in  the  eye ; 
when  we  turn  from  a  very  near  to  a  far  object,  if  we  are  con- 
aci<»UB  of  any  change  in  the  eye,  it  is  one  of  a  diflerent  kind. 
The  former  is  the  sense  of  an  active  accommodation  for  near 
objects;  the  latter,  when  it  is  felt,  is  the  sense  of  relaxation  afler 
exertion. 

Since  the  far  limit  of  an  emmetropic  eye  is  at  an  infinite  dis- 
tance no  such  thing  as  active  accommodation  for  far  distances 
need  exist.  The  only  change  that  will  take  place  in  the  eye  in 
turning  from  near  to  far  objects  will  be  a  mere  passive  undoing 
of  the  accommodation  previously  made  for  the  near  object.  Ana 
that  no  such  active  accommodation  for  far  distances  takes  place 
ia  shown  by  the  facts — that  the  eye,  when  oj)ene<i  after  being 
closed  for  some  time,  is  found  not  in  the  nie<Iium  state  hut  ad- 
justed for  distance;  that  when  the  accommodation  mechanism  of 
the  eye  is  paralyzed  by  atropin  or  nervous  disease,  the  accom- 
modation for  distant  objects  is  unaffected,  and  that  we  are  con- 
scious of  no  efiiirt  in  turning  from  moderately  distant  to  far 
distant  objects.  The  sense  of  effort  often  spoken  of  by  myopic 
persons  as  being  felt  when  they  attempt  to  see  thiogs  at  or 
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beyond  the  far  limit  of  their  range  seeras  to  arise  froni  a  move- 
ment of  the  eyelids,  and  not  from  any  internal  chaugee  taking 
place  in  the  eye. 

What  then  are  the  changes  which  lake  place  in  the  eye,  when 
we  auootumodatc  for  near  objects?  It  might  be  thought,  and 
indeed  once  was  thought,  that  the  curvature  of  the  cornea  was 
changed,  becoming  more  convex,  with  a  shorter  radius  of  curva- 
ture, for  near  object*.  Young,  however,  Hhowed  that  accommo- 
dation took  place  aa  usual  when  the  eye  (and  head)  is  immersed 
in  water.  Siuce  the  refractive  powers  of  aqueous  humor  and 
water  are  very  nearly  alike,  the  cornea,  with  its  iiarallel  suriaces, 
placed  between  these  two  fluids,  can  have  little  or  no  effect  OD 
the  direction  of  the  raya  passing  through  it  when  the  eye  is 
immersed  iu  water.  Aud  accurate  measurements  of  the  dimen- 
sious  of  an  image  ou  the  cornea  have  shown  that  these  undergo 
no  change  during  accommodation,  and  that,  therefore,  the  curva- 
ture of  the  cornea  is  not  altered.  Nor  is  there  any  change  in 
the  form  of  the  bulbi  for  any  variation  in  this  would  necessarily 
produce  au  alteration  in  the  curvature  of  the  cornea,  and  pre«ii- 
ure  on  the  bulb  W()ui<l  act  injuriously  by  rendering  the  retina 
auiemic,  aud  so  less  sensitive.  In  fact,  there  are  only  two 
changes  of  importance  which  can  be  ascertaiueil  to  take  place  in 
the  eye  during  accomm(»dation  for  near  objectfl. 

Oue  is  that  the  pupil  contracts.  When  we  look  at  near  ob- 
jects, the  pupil  becomes  small ;  when  we  turn  to  distant  objects, 
it  dilates.  This,  however,  cannot  have  more  than  an  indirect 
influence  ou  the  formation  of  the  image;  the  chief  use  of  the 
contraction  of  the  pupil  in  accommodation  for  near  objects  ia  to 
cut  off  the  more  divergent  circumferential  rays  of  light. 

The  other  and  really  efficient  change  is  that  the  anterior  sur- 
face of  the  lens  becomes  more  convex.  If  a  light  be  held  before 
the  eye,  three  reflected  images  may,  with  care  and  under  proper 
precautions,  be  seen  by  a  bystander;  one  a  very  bright  one, 
caused  by  the  anterior  surface  of  the  cornea,  a  second  le*H 
bright,  by  the  anterior  surface  of  the  leus,  and  a  third  very  dim, 
by  the  posterior  surface  of  the  lens;  when  the  images  are  thoee 
of  an  object,  such  as  a  candle,  in  which  a  top  and  bottom  can 
be  recognized,  the  two  former  images  are  seen  to  be  erect,  but 
the  third  inverle<).  When  the  eye  is  accommodated  for  near 
objects,  no  chauge  is  observed  in  either  the  first  or  the  thirtl  of 
these  images;  but  the  second,  that  from  the  anterior  surface  of 
the  leus,  is  seen  to  become  distinctly  smaUer,  showing  that  the 
surface  has  become  more  convex.  When^  o^  ^^*  eouirary,  vision 
is  tlirecteii  from  near  to  far  objects,  tho  ',n»^^^""tt  ^^^e'anierior 
surface  of  the  letts  grows  larger.  ind\t-siVm^  Vm».v  vV  Cim\fex\iy  of 
the  surface  has  dimiJ»>sb«**«  while  no  cV^   "^      **  V^^ce \u  iW 
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curvature  either  of  the  cornea  or  of  the  poeteriur  surface  of  the 
lens.  And  accurate  moafiureracntijof  the  size  of  the  image  from 
the  anterior  aurfacc  of  the  lens  have  shown  that  the  variatioos 
in  curvature  which  do  take  place,  arc  eufiicient  to  account  for 
the  power  of  accommodaiion  whicli  the  eye 


^ 


Tho  ob«orvation  of  tbe»«  reflected  imA^i^  is  facilUatcd  by  the  simple 
instruinenl  intrtKlucod  t>y  Helniboltic,  and  called  a  Phiikuftcopo.  It  cott- 
giutt  of  a  timall  dark  chiinibor,  with  apertures  for  the  observed  and  obscrv- 
iug  eyes ;  a  needle  is  tixed  at  a  abort  distance  in  front  uf  tlie  foruier,  to 
serve  as  a  near  object,  for  which  accommodation  biw  to  be  made,  and  a 
lamp  or  candle  is  ao  disposed  us  to  throw  an  imajre  on  each  uf  the  three 
giirfaccB  nf  the  ob»*^rvcu  eye.  Since  Ibu  distiinre  between  two  imager  is 
more  readily  appreciated  than  is  a  simplf-  change  nf  atxe  of  a  single  imago, 
two  prisma  are  employed  so  m  to  throw  a  diruble  image  of  the  lamp  on 
each  of  the  three  surfaces.  When  the  aritvrinr  Hurface  uf  the  lens  b«- 
CfHies  more  cftnvex  the  two  image-s  reflect<*d  from  that  surface  approach 
each  other,  when  it  becomes  less  convex  they  retire  fmm  each  other. 

The^e  observations  leave  no  doubt  that  the  essential  change 

by  which  accommodation  is  effected,  is  an  alteration  of  the  con- 
vexity of  the  anterior  surface  of  the  lens.  And  that  the  lena  is 
tl»e  agent  of  accommodation,  is  further  shown  by  the  fact  that 
after  removal  of  the  lens,  as  in  the  operation  for  cataract,  the 
power  of  accommodation  is  lost.  In  the  cases  which  have  been 
recorded,  where  eyes  from  which  the  lens  liad  been  removed 
seemed  still  to  possess  some  accommodation,  we  must  suppose 
that  no  real  accommodation  took  place,  but  that  the  pupil  con- 
tracted when  a  near  object  was  looked  at,  and  so  assisted  in 
making  vision  more  distinct. 

This  increase  of  the  convexity  of  the  lens  has  been  sup|>osed 
to  be  due  to  a  compression  of  the  circumference  of  the  lens  by  a 
contraction  of  tlie  iris;  but  this  is  disproved  by  the  fact  that 
accommodation  may  take  place  in  eyes  from  which  the  iris  is  con- 
genitally  alwent.  It  has  also  been  attributed  to  vasomotor 
changes,  to  increased  fulness  of  the  vessels  of  the  iris  or  ciliary 
processes,  surroundiug  the  lens;  but  this  niso  is  disproved  by  the 
fact  that  accommodation  may  be  effected,  after  death  in  an  eye 
which  is  practically  bloodless,  by  stimulating  the  ciliary  ganglion 
or  ciliary  nerves  with  an  interrupted  current  or  by  other  means. 
The  real  nature  of  the  mechanism  seems  to  be  as  follows. 

The  lens  when  examined  after  removal  from  the  eye  is  found 
to  be  a  body  of  considerable  elasticity.  When  the  curvature  of 
the  anterior  surface  of  the  lens  is  determined,  as  may  be  done  by 
appropriate  means,  in  its  natural  p<}sition  in  the  eye  at  rest,  and 
then  again  det-ermined  after  the  lens  has  been  removed  from  the 
eye,  the  anterior  surface  is  found  to  be  more  convex  in  the  latter 
than  in  the  former  case.     There  seems  to  be,  in  the  eye  in  its 
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natural  condition,  some  agency  at  work,  keeping  the  anterior 
suriace  of  the  hue  somewhat  flattened.  The  suspensory  liga- 
ment, attached  to  the  choroid  and  ciliary  processes  Ix'hind,  and 
paeeing  over  the  froat  of  the  leus,  i«  ju^l  such  a  structure  ns 
would  produce  this  effect.  In  the  natural  position  of  the  choroid 
thia  ligament  ia  tense,  and  tends  to  flatten  the  front  of  the  lens. 
Wheu  the  choroid  is  pulled  forward,  the  ligament  becomes  slack, 
and  the  lens  bulges  out  forward.  Further,  the  ciliary  musclo 
attached,  on  the  one  hand,  to  a  fairly  fixed  region,  the  juuctiou 
of  the  sclerotic  and  cornea,  and,  on  the  other,  to  the  looeer  and 
more  movable  choroid,  would  naturally,  when  thrown  into  con- 
traction, pull  forward  the  choroid  and  so  slacken  the  suspensory 
ligament,  and  hence  i>ermit  the  elastic  lens  to  bulge  out  forwards. 
And  we  have  ex|>erimeutal  evidence,  carried  out  on  lower 
animals,  that  t^timulation  of  the  ciliary  ganglion,  nr  of  its  so- 
called  radix  brevis,  does  lead,  on  the  one  hand,  to  a  contraction 
of  the  ciliary  muscle  and  pulling  forward  of  the  choroid,  and, 
on  the  other  hand,  to  an  increased  curvature  of  the  anterior  sur- 
face of  the  lens.  Hence,  we  may  conclude  that  accommodation 
for  near  objects  consists  essentially  in  a  contraction  of  the  ciliary 
muscle,  which,  by  pulling  forward  the  choroid  coat  and  the 
ciliary  process,  slackens  the  suspensory  ligament,  and  allows  the 
lens  to  bulge  forward  by  virtue  of  its  elasticity,  and  so  to  increoM 
the  convexity  of  its  anterior  surface. 

Accommodation  is,  in  most  cases, a  voluntary  act;  since,  how- 
ever, the  change  in  the  lens  is  always  accompanied  by  move- 
ments in  the  iris,  it  will  be  convenient  to  consider  the  latter, 
before  we  discuss  the  nervous  mechanism  of  the  whole  acL 


Movements  of  the  Pupil. — Though  by  making  the  efforts  re- 
quired for  accomm(»dation  we  can,  at  pleasure,  contract  or  dilate 
Ine  pupil,  it  is  not  in  our  power  to  bring  the  will  to  act  directly 
on  tne  iris  by  itself.  This  fact  alone  indicates  that  the  nervous 
mechanism  of  the  pupil  is  of  a  peculiar  character,  and  such,  in- 
deed, we  find  it  to  be.  The  pupil  is  coninicUd  (1)  wh^n  the 
retina  (or  optic  nerve)  is  stimulated,  as  when  light  falls  on  the 
retina,  the  brighter  the  light  the  greater  being  the  contraction; 
(2)  when  we  accommodate  for  near  objects.  The  pupil  is  also 
contracted  when  the  eyeball  is  turned  inwards,  when  the  aqueous 
humor  is  deficient,  in  the  early  stages  of  poisoning  by  chloro- 
form, alcohol,  etc. ;  in  nearly  all  stages  of  poisoning  by  morphia, 
physostigmin,  and  some  other  drugs,  and  in  deep  slumber.  The 
pupil  is  iiilntt'd  (1)  when  sliriiulation  of  the  retina  (or  optic 
nerve)  is  diminished  or  arrested,  ns  in  passing  from  a  bright  into- 
a  dim  light  or  into  darkness;  (2)  when  the  eye  i^  adjusted  for 
f&ir  objects.     Dilation  also  occurs  when  there  is  an  excess  of 
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aqueons  humor,  during  dyspna'a,  during  violeut  musi-ulur  efforts, 
Ad  the  result  of*  a  Btinatilation  of  eensory  nervee,  as  an  eflect  of 
cmotious,  in  the  later  stages  of  poisoning  by  cbloroforui,  etc., 
and  in  all  stages  of  poisoning  by  atropin  and  some  other  drugs. 

Contraction  of  the  pupil  h  caused  by  contraction  of  the  cir- 
cular fibres  or  sphincter  of  the  iris.  Dilation  is  caused  by  con- 
traction of  the  radial  fibres  of  the  iris;  for  though  the  existence 
of  nidial  iibres  has  been  denied  by  raany  observers,  the  pre- 
ponderance of  evidence  is  clearly  in  favor  of  their  being  rejiily 
present 

Considering  how  vascular  the  iris  is,  it  does  not  seem  unreason- 
able to  interpret  some  of  the  variations  in  the  condition  of  the 
pupil  as  the  results  of  simple  vascular  turgesceuce,  or  of  deple- 
tion, brought  about  by  vasomotor  action  or  otherwise,  the  small 
or  contracted  pupil  corresponding  to  the  dilated  and  filled,  and 
the  large  or  dilated  pupil  to  the  constricted  and  emptied  condi- 
tion of  the  bloodvessels.  Thus,  slight  oscillations  of  the  pupil 
may  be  observed  synchronous  with  the  heart-beat,  and  others 
synchronous  with  the  respiratory  movemeuts.  But  the  varia- 
tions in  the  pupil  seem  Uh)  marked  to  be  merely  the  effects  of 
vascular  changes,  and,  indeed,  that  constriction  of  the  pupil 
cannot  be  wholly  the  result  of  turgescence,  nor  ditalation  wholly 
the  result  of  depletion  of  the  vessels  of  the  iris,  is  shown  by  the 
facts  that  both  these  events  may  be  witnessed  in  a  perfectly 
bloodless  eye,  and  that  the  luoveiuenta  of  the  pupil  when  brought 
about  by  agents  which  also  affect  the  bloodvessels,  begin  some 
time  before  tlie  changes  in  the  calibre  of  the  bloodvessels,  and, 
indeed,  may  be  over  before  these  have  arrived  at  their  maximum. 
Moreover,  the  fibres  of  the  sympathetic,  which  as  we  shall  see 
are  concerned  in  causing  dilation  of  the  pupil,  run  a  somewhat 
different  course  from  those  which  govern  the  bloodvessels  of  the 
eye.  We  may  therefore  adhere  to  the  view  that  the  main  changes 
of  the  pupil  in  the  direction  of  narrowing  and  widening  are 
brought  about  by  contractions  of  the  plain  muscular  fibres  in 
the  iris. 

Muscular  contractions  leading  to  changes  of  the  pupil  may  be 
observed  in  the  eye  removed  from  the  body,  and  indeed  in  the 
extirpated  iris.  The  plain  muscular  fibres  of  the  iris,  like  other 
plain  muscular  fibres,  are  remarkably  sensitive  to  variations  in 
temperature.  Besides  this  there  seems  to  be  in  certain  animals 
at  least  a  connection  within  the  eye  between  the  iris  and  retina 
of  such  a  kind,  that  light  falling  into  an  extirpated  eye  will  lead 
to  a  narrowing  of  the  pupil.  Putting  aside  however  such  ex- 
ceptional events,  we  may  lay  down  the  broad  principle  that  con- 
traction of  the  pupil,  brought  about  by  light  falling  on  the 
retina,  is  a  refiex  act,  of  which  the  optic  is  the  afferent  nerve, 
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the  third  or  oculo-motor  the  eflerent  nerve,  and  the  centre  some 
portion  of  the  brain  lying  below  the  corpora  qiindrigeniina  in 
the  front  part  of  the  Hoor  of  the  atjueduct  of  hjlvius.  This  i« 
proved  by  the  following  facta.  When  the  optic  nerve  is  divided, 
the  falling  of  light  on  the  retina  no  longer  muses  a  contraction 
of  the  pupil.  When  the  third  nerve  is  divided,  stiiuulatiou  of 
the  retina  or  of  the  optic  nerve  no  longer  causeu  cuutractioo; 
but  direct  atimulutiun  of  the  pcripheraf  portiun  of  the  divided 
third  nerve  causes  extreme  contraction  of  the  pupil.  If  the 
region  of  the  brain  sipoken  of  above  as  a  centre  be  carefuUr 
stimulated,  contraction  of  the  pupil  will  take  place  even  in  the 
absence  of  light  and  after  division  of  the  optic  nerve.  After 
removal  of  the  same  centre  stimulation  of  the  retina  is  ineffectual 
in  narrowing  the  pupil.  But  if  the  centre  and  its  connections 
with  the  optic  nerve  and  third  nerve  be  left  intact  and  in  thor- 
oughly sound  condition,  contmctiona  of  the  pupil  will  occur  as  a 
result  of  light  falling  on  the  retina,  though  all  other  nervous 
parts  be  removed. 

The  nervous  centre  is  not  a  double  centre  with  two  completely 
independent  halves,  one  for  each  eye ;  there  is  a  certain  amount 
of  functional  c^'mmunion  between  the  two  sides,  so  that  when 
one  retina  is  stimulated  both  pupils  contract  It  might  be 
imagined  that  this  cerebral  centre  acted  as  a  tonic  centre,  whose 
action  was  simply  increased,  not  originated,  by  the  stimulation  of 
the  retina ;  hut  this  is  disproved  by  the  fact  that,  if  the  optic 
nerve  be  divided,  subsequent  section  of  the  third  nerve  produces 
no  further  dilation. 

In  considering  the  movements  of  the  pupil,  however,  we  have 
to  deal  not  only  with  a  narrowing  of  the  pupil  thus  brought 
about,  in  a  reflex  way  by  contraction  of  the  circular  sphincter 
fibres,  and  with  the  absence  of  such  a  narrowing,  but  also  with 
active  dilation  due  to  a  contraction  of  the  radial  dilator  fibres, 
and  thi.s  renders  the  whole  matter  much  more  complex  than 
might  be  supposed  to  be  the  case  from  the  simple  statement  just 
made. 

The  iris  is  supplied  in  common  with  the  ciliary  muscle  and 
choroid,  by  the  short  ciliary  nerves  (Fig.  191,  8.c.)  coming  from 
the  ophthalmic  or  lenticular  (ciliary)  ganglion  (/.c.)  which  is 
connected  by  its  roots  with  the  third  nerve  (r.6. ).  the  cervical 
sympathetic  ner\'e  (eytn.lt  ^^  with  the  uasal  branch  of  the 
ophthalmic  division  uf  the  titlh  nerve  (r./.).  The  short  ciliary 
nerves  are,  moreover.  Bcconipanied  by  the  luug  ciliary  nerves 
(Lc)  coming  from  the  »ame  nasal  bniuch  of  the  ophibalniic 
division  of  the  fifth  nerve.  What  are  the  uses  of  these  several 
nerves  in  relation  to  the   pup',1  ^ . 

If  the  cervical  sympathetic  in  the  neck  be  divided,  all  other 
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portions  of  the  cervous  mechanism  being  intact,  a  contractioD  of 
the  pupii  i^uut  alwavH  very  well  marked)  ttLkf?0  place,  and  if  the 
peripheral  portion  (i.e.,  the  upper  portion  still  connecte*!  with  the 
bead)  be  stimuhited,  a  well-develoi>ed  dilation  ia  the  result.  The 
fiympathetic  has,  it  will  be  observed,  an  etiect  on  the  iriSj  the 


Pta.  191. 
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DunsAMMATic  BumiinrTJLTicur  or  rni  NmrM  Oovkbiii?i')  mic  Vvrth 

II.  0|t|Jc  iivrvr.  f.  g.  Inatlcular  gMtglioii.  r.  b.  tt*  ttliurt  rwjt  fiinu  lit.  of-  m.  thtrd  or 
oi-uUt-ranb>r  ntrvr.  *^n.  lu  s]rni|MthfltIr  n>i>t.  r.  L  ll«  long  r<>nt  fn»ni  V.  if-f^m.  Ilic  tlftatl 
brsiirti  (^  the  oplitlialnUc  iHtIsIod  uf  tUv  fl/Ui  norvo.  #.  c.  Iho  stiort  lilliirj  mine*  from  Ibn 
lenUctiUr  gMUglktu.  I.  c.  tho  luug  ciliAr;  iiervv  fruui  t)u>  uunl  tnujck  uf  llic  <i|>lithnlniii:  iUyU 
flioD  uf  tht;  flnh  ti'^rro. 

Opposite  of  that  which  it  exercised  on  the  bloodvesselB  ;  when  it 
18  stimulated  the  pupils  are  dilated  while  the  bloodvessels  are 
constricted.  The  dilating  infiuence  of  the  sympathetic  may,  as 
in  the  case  of  the  va&o-motor  action  of  the  same  nerve,  be  traced 
back  down  the  neck  to  the  upper  thoracic  ganglion  and  thence 
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along  the  rami  communicantes  and  roots  of  the  lower  cervical 
aud  firet  dorsal  or  tirst  two  dorsal  epiunl  nerveSi  to  a  region  in 
the  lower  cervical  aud  upper  dorsal  cord  (called  by  Bomeauthoi 
the  cetUrum  cUio9pinaU  vifitiiu),  and  thence  up  through  tl 
medulla  oblongata  to  a  centre,  which  appears  to  m  placed  in  tlie 
floor  of  the  front  part  of  the  a«jueduct  of  Sylvius  not  far  from 
and  apparently  on  either  side  uf  the  centre  for  contraction  of  the 
pupil. 

The  dilation  of  the  pupil  which  is  witnessed  in  dyspmoa,  and 
that  which  results  from  Btiniulation  of  sensory  nerves  and  from 
emotions,  appears  to  be  brought  about  by  the  action  of  the 
sympathetic*  the  venoiiB  btood,  or  the  sensory  impulses  or  the 
emotional  impulses  so  airectiug  the  dilating  centre  as  to  augment 
the  dilating  impulses  proceediug  from  it  ahmg  the  symimthetic 
The  existence  of  the  subordinate  centre  in  the  cervical  or  doreal 
cord,  spoken  of  iust  now,  is  supposed  to  be  indicated  by  the  fact 
that  atler  division  of  the  merlutla  oblongata,  and  consequent 
severance  of  the  efl'erent  patbs  from  the  centre  in  the  aqueduct, 
of  Sylvius,  dilation  of  the  pupil  may  still  be  brought  about,  ia-J 
some  animals  at  least,  by  dyspmea  or  by  adequate  stimulation  of 
sensory  nerves.  A  question  is  raised  here  in  fact  aomewhat 
similar  to  that  raised  in  connection  with  the  medullary  respir- 
atory centre  (p.  420) ;  and  here  as  there  we  may  probably  con- 
clude that  Lhe  iudejieiident  action  of  such  a  spinal  centre  ia  of 
sulxtniinate  importance. 

The  pupil  tlien  eeems  to  be  under  the  dominion  of  two  antag- 
onistic mechuniemB :  one  a  contracting  mechanism,  reflex  in 
nature,  the  third  nerve  serving  as  the  eHerent,  aud  the  optic  as 
the  alferent  tract ;  the  other  a  dilating  mechaniam,  apparently 
tonic  in  nature,  but  subject  to  augmentation  from  various  causes^^ 
and  of  this  the  cervical  sympatbetic  iti  the  efferent  channel. 
Hence,  when  the  third  or  optic  nerve  is  divided,  not  only  does 
contraction  of  the  pupil  cease  to  be  manifest,  but  active  dilation 
occurs,  on  account  of  the  tonic  dilating  influence  of  the  sym- 
fmthetic  Ijeing  left  free  to  work.  When,  on  the  other  hand,  the 
sympathetic  is  divided,  this  tonic  dilating  influence  falls  away, 
and  contraction  results.  When  the  optic  or  third  nerve  is  stimu- 
lated, the  dilating  eflect  of  the  sympathetic  is  overcome,  and 
contraction  results;  and  when  the Bym[)atbetic  is  stimulated,  an]^ 
contracting  influence  of  the  third  nerve  which  may  be  presenl 
is  overcome,  aud  dilation  ensues. 

liut  there  are  considerations  which  show  that  the  matter  ia 
still  more  complex  than  this.  A  small  quantity  of  atropin 
introduced  into  the  eye  or  into  the  system  causes  a  dilation  of 
the  pupil.  This  might  be  attributes!  to  a  paralysis  of  the  third 
nerve,  and  indeed  it  is  found  that  after  atropin  has  produced  its 
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eficcU  tbo  falling  of  light  on  the  retina  no  longer  causes  con- 
traction of  the  pupil.  A  difficulty  however  is  introduced  by  the 
fact  thHt  when  the  third  nerve  is  divided,  arnl  when  therefore  the 
contracting  eHect^  of  giimulation  of  the  retina  are  placed  entirely 
onone  side,  and  there  in  nothing  to  prevent  the  eympathetic  pro- 
ducing ita  dilating  effects  to  the  utinoat,  dilation  is  still  further 
iucreaaed  by  atropin.  When  physt>8ligniin  in  intrwluced  into 
the  eye  or  syetenn,  contraction  of  tlie  pupil  is  caused^  whether  the 
third  nerve  be  divided  or  not;  and  when  the  dose  is  sutticiently 
Btrong  the  contraction  is  so  great  that  it  cannot  be  overcome 
by  stimulation  of  the  sympathetic.  The  dilation  which  is  caused 
by  a  sufficient  dose  of  atropin  may  be  greater  than  that  which 
can  ordinarily  be  produced  by  stimulation  of  the  sympathetic, 
and  the  contraction  caused  by  a  sufficient  doee  of  phyB<.«tigmin 
may  be  greater  than  that  which  is  ordinarily  produced  in  a 
reflex  manner  by  8tiniiilati'>n  uf  the  optic  nerve,  or  even  than 
that  produced  by  direct  stiniuhuion  of  the  third  nerve.  Evi- 
dently these  drugs  act  either  directly  on  the  plain  muscular 
fibres  of  the  iris  or  on  some  local  mechanism,  the  one  in  such 
a  way  as  to  cauRe  dilntiim.  the  other  in  Buch  a  way  as  to  cause 
contraction.  Such  a  local  meuhanism  cannot  however  lie  in  the 
ophthalmic  ganglion,  for  both  drugs  continue  to  produ<^  these 
effects  in  a  moat  marked  degree  after  the  ganglion  has  been 
excised.  We  must  auppoae  therefore  that  the  meclmui.siii  if  it 
exist.s  is  situated  in  the  iria  itself  or  in  the  choroid,  where  indeed 
ganglionic  nerve-cells  are  abundant.  The  movements  of  the  iris 
in  the  extirpated  eye,  spoken  of  just  now,  may  perhaps  be  at- 
tributed to  the  same  local  mechanism.  Further  it  is  stated  that 
with  stimulation  of  the  syutfiathetic,  the  latent  period — t.  «.,  the 
periofi  intervening  between  the  beginning  of  stimulation  and  the 
beginning  of  the  movement  of  the  iris,  is  much  greater  than  with 
stimulation  of  tho  third  nerve,  indicating  that  the  former  acts 
through  a  local  mechanism  but  the  latter  more  directly  on  the 
muscular  fibres.  The  whole  tjuestiou  however  of  this  local 
mechanism,  and  of  the  exact  mode  of  action  of  the  various  drugs 
and  of  the  changes  in  the  body  which  lead  to  contraction  or  dila- 
tion respectively  of  the  pupil,  needs  fuller  discussion  than  we 
can  alford  to  give  to  it  here.  We  may  add  that  the  local  action 
of  atropin  in  contrast  to  any  action  on  the  cerebral  centre  is  well 
illustrated  by  applying  atropin  to  one  eye  locally.  The  pupil  of 
that  eye  dilates  widely  ;  in  consequence  more  light  falls  on  tiie 
retina,  and  this  bo  affects  the  cerebral  centre,  which  as  we  have 
seen  is  not  strictly  unilateral  but  in  communion  with  its  fellow, 
that  increased  constricting  impulses  pasa  from  both  centres,  and 
these,  though  ineffectual  in  the  atropinized  eye,  lead  in  the  un- 
touched ey£  to  an  increased  narrowing  of  the  pupil. 
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The  share  of  the  fifth  nerve  in  the  work  of  the  iris  seems  to 
in  part  a  sensory  one;  the  iris  is  sensitive,  and  the  sensory  im- 
pulses which  are  generated  in  it  pass  from  it  along  the  fibrea  of 
the  fifth  nerve.  Moreover,  the  fifth  is  peculiarly  related  to  the 
dilating  effects  of  the  syrupatheLic;  for,  though  the  ophthalmic 
ganglion  does  receive  fiores  directly  from  the  cavernous  plexus 
of  tlie  sympathetic,  the  dilating  action  of  the  sympathetic  would 
seem  to  he  carried  out,  not  hy  thei»e  fibres,  but  by  fibres  joining 
the  fifth  nerve,  and  passing  to  the  iris,  not  by  the  ganglion,  but 
by  the  ophthalmie  branch  and  the  long  ciliary  nerves.  The 
vaso-mntor  fibres  of  the  sympathetic,  and  those  which  dilate  the 
iris,  rtt\er  running  toj^T^Lher  in  the  main  cervical  sympathetic 
chain,  part  company  higher  np,  the  latter  paHsing  to  theOaaserian 
ganglion,  and  thus  reaching  the  naisal  branch  of  the  ophthalmic 
division  of  the  fifth  nerve.  Home  observers  maintain  that,  in 
adtlition  to  these  dilating  fibres  of  the  sympathetic  joined  to  it, 
the  tlfth  contains  fibres  of  its  own  which  also  are  able  to  dilate 
the  pupil. 

We  may  sum  up  the  nervous  mechanism  of  the  pupil,  then, 
somewhat  as  follows:  The  sniiont  and  most  frequently  repeated 
event,  the  contraction  of  the  pupil,  upon  exposure  to  light,  is  ft 
reflex  act,  the  centre  of  which  is  placed  in  the  brain;  and  the 
correlative  widening  of  the  pupil  upon  diminution  of  light  is  due 
to  the  tonic  action  of  the  sympathetic  making  itself  felt  upon  the 
waning  of  its  antagonist.  The  contraction  of  the  pupil  in  the 
earlier  stages  of  the  action  of  alcohol  and  chloroform  and  in 
slumber  is  probably  due  to  an  increased  action  of  the  contracting 
centre,  hut  the  narrow  pupil  causes!  hy  such  drugs  as  morphia 
and  phyaostigmin  is  due,  chiefly  at  least,  to  a  local  action.  The 
dilating  effects  of  such  drugs  as  atropin  are  also  largely  due  to  a 
local  action,  but  in  the  widened  pupil  of  the  later  stages  of  alco- 
hol poisoning  and  of  dyspntpa  we  can  probably  trace  the  efl^ects 
of  an  exhaustion  of  the  cerebral  ctmtracting  centre,  assisted, 
p<:»sibly,  by  an  increased  activity  of  the  dilating  centre. 

There  renmins  a  word  to  be  said  concerning  the  contraction  of 
the  pupil  which  takes  place  when  the  eye  is  accf>mmodattfM]  for 
near  objects,  and  when  the  pupil  is  turned  inwards  (the  two 
being  closely  allied,  since  the  eyes  converge  to  see  near  objects), 
and  the  return  to  the  more  dilated  condition  when  the  eye  returns 
to  rest  an<l  regains  the  accommodation  for  far  objects.  These 
are  instances  of  what  are  called  "associated  movements."  Two 
movements  are  thus  spoken  of  as  *'  associated"  when  the  special 
central  nervous  mechanism  employed  in  carrying  out  the  one 
~  It  U  so  connected  by  nervous  ties  of  some  kind  or  other  with 
i  employed  in  carrying  out  the  other,  that  when  we  set  the 
mechanism  in  Action  we  unintentionally  set  the  other  in 
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aotiou  also.  The  ciliary  muscles  which  brine  about  accommoda- 
tioD  are  governed  in  this  action  by  fibres  which  may  be  traced, 
through  thti  ciliary  nerves  and  lenticular  ganglion,  along  the 
third  or  oculi>-motor  nerve,  to  a  centre  which  lies  (in  dogs.i  in 
the  bind  part  of  tlie  tloor  of  the  third  venLricle,  and  which  is 
especially  connected  with  the  most  anterior  bundles  of  the  roots 
of  the  third  nerve.  This  centre  i.-?  under  the  command  of  our 
will :  when  we  wish  to  accouimodutc  for  near  objects  we  throw  it 
into  action,  and  it,  when  in  action,  calls  also  into  action  by 
"  association  "  the  centre  for  the  contraction  of  the  j)U]»il ;  when 
the  action  of  the  accommodation  i^ntre  ceases  and  the  eye  falls 
back  to  the  condition  uf  rest,  in  which  it  is  accommodated  for 
far  objects,  the  action  of  the  pupil-contracting  centre  ceases  also, 
and  the  pupil  therefore  widens. 

The  mechanism  of  accommodation  may  also  be  affected  in  a 
local  manner.  And  the  drugs  which  have  a  special  action  on 
the  pupil,  such  as  atropin  and  calabar  bean,  also  aifect  the 
mechanism  of  accommodation.  Atropin  paralyzes  it,  so  that  tbo 
eye  remains  adjusted  for  far  objects;  and  physostigmiu  throws 
the  eye  into  a  condition  of  forced  accommodation  for  near 
objects.  This  double  action  has  been  explained  by  the  supposi- 
tion that  while  Htronin  partly ^tes,  physoeligmiu  throws  into  tonic 
or  tetanic  contraction,  on  the  one  hand  the  circular  muscles  of 
the  iris  and  on  the  other  the  ciliary  muscles ;  but  the  phenomena, 
on  inquiry,  appear  too  complicated  to  be  explained  in  so  simple 
a  manner. 

Wti  can  accommodate  at  will ;  but  few  persons  can  effect  the 
necessary  change  in  the  eye  unless  they  direct  their  attention  to 
some  near  or  far  object,  as  the  case  may  be,  and  thus  assist  their 
will  by  visual  sensations.  By  practice,  however,  the  aid  of  ex- 
ternal objects  may  be  dispensed  with ;  and  it  is  when  this  ia 
achieved  that  the  jtupil  may  seem  to  be  made  to  tlilate  or  contract 
lit  pleasure,  accommodation  being  effboted  without  the  eye  being 
turned  to  any  particular  object. 


Imperfections  in  Ike  Dioptric  Apparatug. 

The  emmetropic  eye  may  be  taken  as  the  normal  eye.  The 
myopic  and  hyix^rmetropic  eyea  may  be  considered  as  im|>erfect 
eyes,  though  the  former  possesses  certain  advantages  over  the 
normal  eye.  An  eye  might  be  myopic  from  too  great  a  con- 
vexity of  the  cornea,  or  of  the  anterior  surface  of  the  lens,  or 
from  permanent  spasm  of  the  accoinmodation-mechanititu,  or  from 
too  great  a  length  of  the  long  axis  of  the  eyeball.  The  last  ap- 
pears to  be  the  usual  cause.  Similarly,  most  hyj>ermetropic  eyes 
pOBsesB  too  short  a  bulb.     Moreover,  iu  the  strongly  marked 
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myopic  eye  there  is  frequently  hypertrophy  of  the  longitudinal 
(meridional)  fibreB  of  the  ciliary  muscle,  otten  spoken  of  exclu- 
sively as  the  ciliary  muscle,  and  atrophy  or  absence  of  the 
circular  Hbree ;  in  the  hypermetropic  eye,  on  the  other  hand,  the 
circular  fibres  are  well  developed  and  the  meridional  fibres 
scanty.  The  presbyopic  eye  is,  as  we  have  seen,  an  eye  normally 
constituted,  in  which  the  power  of  accommodation  has  been  lost 
or  is  failing  through  increasing  weakness  of  the  ciliary  muscle 
or  a  loss  of  elasticity  iu  the  leus,  or  through  the  parts  becomiug 
rigid. 

Spherical  Aberration. — In  a  spherical  lens  the  rays  which 
impinge  on  the  circumference  are  brought  to  a  focus  sooner  than 
those  which  pass  nearer  the  centre,  and  the  rays  proceeding  from 
a  lumiuouB  point  are  no  longer  brought  to  a  single  focus  at  one 
point,  but  form  a  number  of  foci  at  diflereut  distances.  Hence, 
when  rays  are  allowed  to  fall  on  the  whole  of  the  lens,  the  image 
formed  on  a  screen  placed  in  the  fucus  of  the  more  central  rays 
is  blurred  by  the  diffusion-circles  caused  by  the  circumferential 
rays  which  have  been  brought  ta  a  premature  focus.  Id  an 
onjinary  optical  instrument  spherical  aberration  is  obviated  by 
a  diaphragm  which  shuts  off  the  more  circumferential  rays.  In 
the  eye  the  iris  is  au  mijustable  diaphragm ;  and  when  the  pupil 
contracts  in  near  viniun  the  more  divergent  rays  proceeding  from 
a  near  object,  which  tend  to  fall  on  the  circumferential  parts  of 
the  lens,  are  cut  off.  As,  however,  the  refractive  jwwer  of  the 
lens  does  not  increase  regularly  and  progressively  from  the 
centre  to  the  circumference,  but  varies  mtJSt  irregularly,  the 
purpose  of  the  narrowing  of  the  pupil  cannot  be  simply  to 
obviate  spherical  aberration ;  and,  iudeed,  the  other  optical 
imperfections  of  the  eye  are  so  great,  that  such  sphericjil  aberra- 
tions as  are  caused  by  the  lens  produce  no  obvious  effect  on 
vision. 

Astigmatism. — We  have  hitherto   treate«l  the  eye  as  if  its 

dioptric  surfaces  were  all  parts  of  |>erfeGt  spherical  surfaces.  •  In 

reality  this  is  rarely  tl\e  case,  either  with  the  lens  or  with  the 

cornea.     Slight  deviations  do  not  produce  any  marked  effect,  but 

there  is  one  deviation,  known  as   regular  astigmatism,  which, 

preeeut  to  a  cerUin  extent  in  most  eyes,  very  largely  developed 

Id  some,  frequently  leadH  t*i  very  imperfect  vision.     This  defect 

is  due  to  the  dioptric  surface  boing  not  spherical  but  more  convoi 

'*f  one  meridian   than   unolhor,  more  convex,  for  instance, 

Vverticjil   than  al«^^K  t-hft  horVwmtal  meridian.     When 

•  case,  tlie  fftV*  J»t'^cec»\ing  from  a  lummous  point  are 

t  to  fl  oingle    -focus  al  a  poim,  hu^  poeseBS  t^o  linear 
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foci,  one  nearer  than  the  normal  focus  and  corresponding  to  the 
more  convex  surface,  the  other  further  than  the  normal  and  cor- 
reeponding  to  the  leas  convex  surface.  If  the  vertical  meridians 
of  the  surface  be  more  convex  than  the  horizontal,  then  the 
nearer  linear  focus  will  be  horizontal  and  the  further  linear  fucus 
will  l>e  vertical,  and  rif^e  versa.  (This  can  be  shown  much  more 
effectually  on  a  model  than  iu  a  diagram  in  which  we  are  limited 
to  two  dimensions.!  Now,  in  order  to  see  a  vertical  line  dis- 
tinctly, it  is  much  more  important  that  the  rays  which  diverge 
frum  the  line  in  a  series  of  horizontal  planes  ahouUI  he  brought 
to  a  focus  properly  than  those  which  diverge  in  the  vertical  plane 
of  the  line  itself;  and,  nimihirly,  in  order  to  see  a  horiziintal  line 
distinctly,  it  is  much  more  important  that  the  rays  which  diverge 
from  tne  liue  in  a  series  of  vertical  planes  should  be  brought  to 
a  focus  pniperly  than  those  which  diverge  in  the  horizontal  plane 
of  the  line  itself.  Pleuce,  a  horizontal  line  held  before  an  astig- 
matic ilioptric  surface,  most  convex  iu  the  vertical  meridians, 
will  give  rise  to  the  image  of  a  horizontal  Hue  at  the  nearer  focus, 
the  vertical  rays  diverging  from  the  line  being  here  brought  to  a 
linear  horizontal  focus.  Similarly,  a  vortical  line  held  before 
the  same  surface  will  give  rise  to  an  image  of  a  vertical  fine  at 
the  further  focus,  the  horizontal  rays  diverging  from  the  vertical 
line  being  here  brought  to  a  linear  vertical  focus.  In  other 
words,  with  a  dioptric  surface  most  convex  in  the  vertical 
meridians,  horizontal  lines  are  brought  to  a  focus  sooner  than 
are  vertical  lines. 

Most  eyes  are  thus  more  or  leae  astigmatic^  and  generally  with 
a  greater  convexity  along  the  vertical  meridians.  If  a  set  of 
horizontal  or  vertical  lines  be  looked  at»  or  if  the  near  point  of 
accommodation  he  determined  by  Seheiuer's  experiment  (p.  585), 
for  the  neeJle  placed  lirst  iioriiuutally  and  then  vertically,  the 
horizontal  lines  or  needle  will  be  diiiitinctly  visible  at  a  shorter 
distance  from  the  eye  than  the  vertical  lines  or  needle.  Similarly, 
the  vertical  line  must  be  further  from  the  eye  than  a  horizontal 
one.  if  both  are  to  be  seen  distinctly  at  the  same  time.  The  cause 
of  astigmatism  is,  iu  the  great  majority  of  cases,  the  unequal 
curvature  of  the  cornea ;  but  sometimes  the  fault  lies  in  the  lens, 
as  was  the  case  with  Young. 

When  the  curvature  of  the  cornea  or  lens  differs  not  in  two 
meridians  only  but  iu  several,  irregular  astigmatism  is  the  result. 
A  certain  amount  of  irregular  astigmatism  exists  in  most  lenses, 
thus  causing  the  image  of  a  bright  [x>iut,  such  as  a  star,  to  be  not 
a  circle  but  a  radiate  figure. 

Chromatic  Aberration. — The  different  rays  of  the  spectrum 
are  of  different  refrangibility,  those  towards  the  violet  end  of  the 
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Spectrum  being  brought  to  a  focue  i^xtner  ibno  thtwe  ne«r  the  red 
end.  This  iu  optical  iastrumeata  is  uviattnl  by  using  cuiupuund 
lenses  made  up  of  various  kinds  of  glaaa.  In  the  ejre  we  have  oo 
evidence  that  the  lens  is  so  constituted  as  to  corr«ct  this  fault; 
still,  the  total  dispersive  power  of  the  instrument  is  sosuiall,  that 
such  amount  of  enromatic  &b<'rration  as  does  exist  attracts  little 
notice.  Nevertheless,  some  slight  aberraiiou  may  be  detected  by 
careful  obt^ervation.  When  the  spectrum  is  observe<l  at  some 
distance,  the  violet  end  will  not  be  seen  in  focus  at  the  same  time 
as  the  red.  If  a  luminous  point  be  looked  at  tbruiigh  a  narrow 
orifice  covered  by  a  piece  of  violet  glass,  which  while  shutting 
out  the  yellow  and  green  allows  the  red  and  blue  rays  to  pass 
through,  thero  will  be  seen  alternately  an  image  having  a  blue 
centre  with  a  red  fringe,  or  a  red  centre  with  u  blue  fringe,  ac- 
cording as  the  image  of  the  point  l<Hjkefl  at  is  thrown  on  tmo  side 
^^      or  other  of  the  true  focus.     Thus,  supposing  /(Fig.  192)  to  be 
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the  plane  of  the  menu  focus  of  jI,  the  violet  rays  will  l>e  brought 
ko  a  focus  in  the  plane  \\  and  the  red  rays  iu  the  plaue  H.  If 
the  rays  be  supposed  to  fall  on  the  retina  between  Fand  /  the 
diverging  ur  blue  rays  will  form  a  centre  surrounded  by  the  still 
converging  re<l  ravs ;  whereas,  if  the  rays  fall  on  the  retina  be- 
tween /and  R^  the  otmverging  red  rays  will  form  a  centre  with 
the  still  diverging  blue  rays  forming  a  fringe  round  them.  If 
the  rays  fall  on  the  retina  at  /,  the  two  kinds  of  rays  wtU  be 
mixed  together;  as  will  be  seen  from  the  figure,  the  circumfer- 
ential still  converging  red  ray  hr  as  it  cuts  the  plane  of  the  retina 
is,  in  ordinary  vision,  accompauied  by  the  diverging  violet  ray 
hv,  and  thus  by  a  sort  of  compensAtion.  we  see  togetiier  even  the 
rays  which  difler  most  in  refraction. 

Butoptio  Phenomena. — The  various  media  of  the  eye  are  not 
unifonnlv  tnitisjiarent;  the  rnyj?  of  light  in  passing  through  them 
undergo  local  alisiirption  and  refraction,  and  thns  various  shailows 
are  thrown  ou  the  retiua,  of  which  we  become  conscious  as  im- 
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perfections  in  the  field  of  vision,  especially  when  the  eye  ie  dt* 
recteri  to  n  unifurmly  illuminated  surface.  These  are  spoken  of 
M  entoptic  phenumenn,  and  are  very  varied,  many  fornm  having 
l)een  described. 

The  mrwt  common -are  those  caused  by  the  presence  of  floating 
bodiea  in  the  vitreous  humor,  the  Bo-called  muaca  voUtantea. 
These  are  readily  seen  when  the  eye  is  turned  towards  a  uniform 
surface,  and  are  freijuently  very  troublesome  in  looking  through 
a  microeeope.  Tliey  are  especially  obvious  when  divergent  rays 
fall  upon  the  eye.  They  assume  the  form  of  rows  and  groups  of 
beads^  of  single  beads,  of  streaks,  patches,  and  granules,  and  may 
be  reoognizwl  by  their  almost  continual  movement,  especially 
when  the  he^id  or  eye  is  moved  up  and  down.  When  an  attempt 
is  made  to  fix  the  vision  upDn  them,  they  immediately  tloataway. 
Tears  on  the  cornea,  temporary  uneveoneiw  on  the  anterior  sur- 
face of  the  cornea  ailer  the  eyelid  has  been  pressed  on  it,  and 
imperfections  in  the  lens  or  its  capsule,  also  give  rise  to  visual 
images.  Not  uufrequeuLly  a  radiate  figure  corresponding  to  the 
arrangement  of  the  fibres  of  the  lens  makes  its  appearance. 

Imperfectiona  in  the  margin  of  the  pupil  appear  in  the  shadow 
of  the  iris  which  bounds  the  field  of  vision ;  aud  the  movements 
of  the  iris  in  one  eye  may  be  rendered  visible  by  looking  at  a 
bright  point  (*r  luminoiie  surface  through  a  pinhole  in  a  card 
placed  close  in  the  front  t;f  the  eye,  in  the  anterior  focus  in  fiict, 
and  then  alternately  closing  and  opening  the  other  eye ;  the  field 
of  the  first  may  be  observed  to  contract  when  light  enters,  and 
to  expand  when  the  light  is  shut  off  fnmi  the  second.  The  media 
of  the  eye  are  fluorescent,  a  condition  which  favors  the  percep- 
tion of  the  ultra-violet  rays.  If  a  white  sheet  or  white  cloud  be 
looked  at  in  daylight  through  a  Nicol's  prism,  a  somewhat  bright 
tlouble  cone  or  dciuble  tuft,  with  the  apices  touching,  of  a  faint 
blue  color,  is  seen  in  the  centre  of  the  field  of  vision,  crossed  by 
a  similar  double  cone  of  a  somewhat  yellow  darker  color.  These 
are  spoken  of  as  Ilaidinger's  brushes;  they  rotate  as  the  prism 
is  rotated,  and  are  suppiised  to  be  due  to  the  une<jual  absorption 
of  the  pr)larized  light  in  the  yellow  sftot.  The  prism  must  be 
fre(piently  rotated,  as  when  the  prism  remains  at  rest  the  phe- 
nomena fade.  Lastly,  the  optical  arrangements  have  a  further 
imperfection  in  that  the  dioptric  surfaces  are  not  truly  centred 
on  the  optic  axis. 

Sec.  2. — Visual  Sensations. 


Light  falling  on  the  retina  excites  sensory  impxtlses^  and  theee 
passing  up  the  opiic  nerve  to  certain  parts  of  the  brain,  produce 
changes  in  certain  cerebral  structures,  and  thus  §ive  cve^  Va  ^*«Otax 
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we  call  a  seruaiion.  In  a  Beoaation  we  ought  to  be  able  to  db- 
tinguish  between  the  events  through  which  the  impact  of  the 
rmjB  of  light  QD  the  retina  is  enabled  to  generate  sensory  impulaea, 
ftM  the  events,  or  rather  eeries  of  events,  through  which  tbew 
nfimnij  impulses  (or»  judging  by  ibe  analogy  of  motor  nerves, 
we  bave  no  reaaon  to  think  that  they  undergo  any  fundamental 
cbaoges  in  passing  along  the  optic  nerves  by  the  agency  of  the 
cerebral  arrangements,  develop  into  a  sensation.  Such  an 
analysis,  however^  is,  at  present  at  least,  in  most  particulars, 
quite  beyond  our  power;  and  we  must  therefore  treat  of  the 
seDsations  as  a  whole,  distinguishing  between  the  peripheral  and 
central  phenomena,  on  the  rare  occasions  when  we  are  able  to 
do  so. 

The  Griffin  of  T^iiual  Impvlsof, 

Of  primary  importance  to  the  understanding  of  the  way  in 
which  luminous  undulations  give  rise  to  those  nervous  chaoges 
which  pass  along  the  optic  nerve  as  visual  impulses,  is  the  fact 
that  the  rays  of  light  produce  their  efiect  by  acting  not  on  the 
optic  nerve  itself  but  on  its  terminal  organs  ^see  p.  571}.  They 
pass  through  the  anterior  layers  of  the  retina  apparently  without 
inducing  any  etlect;  it  is  not  till  they  have  reached  the  region 
of  the  rods  and  cones  that  they  set  up  the  changes  concerned  in 
the  generation  of  visual  impulses  and  the  impulses  here  generated 
travel  back  to  the  layer  of  fibres  in  the  anterior  surface  of  the 
retina  and  thence  pass  along  the  optic  nerve.  That  the  optic 
fibres  are  themselves  insensible  to  light  and  that  visual  impulses 
begin  in  the  region  of  rods  and  cones  is  shown  by  the  phenomena 
of  the  blind  spot  and  of  Purkinje's  figures  respectively. 

Blind  Spot. — There  is  one  part  of  the  retina  on  which  rays  of 
light  falling  ^ve  rise  to  no  sensations;  this  is  the  entrance  of 
the  optic  nerve,  and  the  corresponding  area  in  the  field  of  vision 
is  mlle<i  the  blind  spot.  If  the  visual  axis  of  one  eye.  the  right 
for  instance,  the  other  t>eing  closed,  be  fixed  on  a  black  spot  in 
a  white  sheet  of  paper,  and  a  small  black  object,  such  as  the 
point  of  a  quill  pen  dipped  in  ink,  be  moved  gradually  sideways 
over  the  pa|»er  away  to  the  outside  of  the  field  of  vision,  at  a 
certain  distance  the  black  point  of  the  quill  wilt  disappear  from 
view.  On  continuing  the  movement  still  further  outward  the 
point  will  again  come  into  view  and  continue  in  sight  until  it  is 
lust  id  the  |>eriphery  of  the  field  of  vision.  Tf  the  pen  be  used 
to  make  u  mark  on  the  paper  at  the  moment  when  it  is  tost 
to  view,  and  at  the  moment  when  it  comes  into  si^bt  again ; 
and  if  similar  marks  be  made  along  the  other  meridians  as  well 
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I  as  the  horizontal,  an  irregular  outline  will  be  drawn  circum- 

I  scribing  au  area  of  the  field  of  vision  within  which  rays  of  light 

I  produce  uo  visual  sensation.     (Fig.  193.)     Thiu  is  the  blind  spot. 

^B  [Fia. 

^^  •  + 

ttx  the  Ttnwl  axfai  of  tlie  rlgltt  oym  ou  tbn  bUtk  «tKrt,  k0*t>lng  the  tefl  eyo  clu««4.     IluIJ 

tU^  INHtfl  uNtiit  fivf  lticlin«  rr<>ni  tbe  <>>r,  ami  UMt  llie  tpotantl  oi\<M  will  U>  sewn.  If  n«iw, 
whiUt  l)\v  rl;*lil  rye  In  Bteiuiilj:  (\x»l  on  tliu  <i{H>t,  tlio  p«g«  («  nuTod  vli^wly  outuortls,  Uie  cfuM 
will  diaiji|Miar  entlrnly,  iumI  again  rtujtimaj:  If  tbo  movpiUi>at  In  uoiiUiiunl.) 

The  dimensions  of  the  figure  drawn  vary,  of  course,  with  the 
distance  of  the  paper  from  the  eye.  If  this  distance  be  known, 
the  size  as  well  as  the  position  of  the  area  uf  the  retina  corre- 
sponding to  the  blind  spot  may  be  calculated  from  the  diagram- 
matic eye  {p.  j)83).  The  position  exactly  coincides  with  the 
entrance  of  the  optic  nerve,  and  the  dimensions  (about  1.5  mm. 
diameter)  also  correspond.  Whilo  drawing  the  outline  as  above 
directed  the  indications  of  the  large  branches  of  the  retinal  vessels* 
as  they  diverge  from  the  entrance  of  the  nerve  can  frequently  be 
recognized.  The  existence  of  the  blind  spot  is  also  shown  by  the 
fact  that  an  image  of  light,  sulHcienlly  small,  thrown  ujHm  the 
optic  nerve  by  means  of  the  ophthalmoscope,  gives  rise  to  no 
sensations. 

The  existence  of  the  blind  spot  proves  that  the  optic  fibres 
themselve.s  are  insensible  to  light;  it  is  only  through  the  agency 
of  the  retinal  expansion  that  these  can  be  stimulated  by  luminous 
vibrations. 

Furkli^e's  Figures. — If  one  enters  a  dark  room  with  a  candle, 
and  whiK'  lucking  at  a  plain  (not  parti-colored)  wall,  moves  the 
candle  up  and  down,  holding  it  ou  a  level  with  the  eyes  by  the 
side  of  the  head,  there  will  appear  in  the  field  of  vision  of  the 
eye  of  the  same  aide,  |)rojected  on  the  wall,  an  image  of  the 
retinal  vessels,  quite  similar  to  that  seen  on  looking  into  an  eye 
with  the  ophthalmoscope.  The  field  of  vision  is  illuminated  with 
a  glare,  and  on  this  the  branched  retinal  ve&sels  appear  aa 
shadows.  In  this  itiode  of  experlmentiug  the  light  euters  the 
eve  thri)Ugh  the  cornea,  and  an  image  of  the  caudle  is  formed  on 
the  nasal  side  of  the  retina  ;  and  it  is  the  light  emanating  from 
this  image  which  throws  shadows  of  the  retinal  vessels  ou  to  the 
rest  of  the  retina.  A  far  better  method  is  for  a  second  person  to 
concentrate  the  rays  of  light,  with  a  lens  of  low  power,  on  to  the 
outii^ide  of  the  sclerotic  just  behind  the  cornea;  the  light  in  this 
case  emanates  from  the  illuminated  spot  on  the  sclerotic  and  pass- 
ing straight  through  the  vitreous  humor  throws  a  direct  shadow  of 
the  vessels  on  to  the  retina.     Thus  the  rays  passing  through  the 

61* 


Um  wbol«  imag«  ti  projected  al  %  known  HiitaBcf,  kB  froa  tW 
aje,  k  being  ihe  optica]  oectrep^  theo,  knoving  the  ditUmoe  k^  In 
the  dJayammatic  eje,  tlic  duUooe  ^  can  be  calcnht^d.  Bat, 
if  lira  dbUDoa  ^s  be  tbiM  otimated,  and  the  dJaUaea  ^  be  di- 
rvrtl^  mcamred,  the  diMaocefl  >,  er,  frr,  4*  can  be  calculated, 
and  if  tb«  apj)varaijc«  in  ibe  field  of  vUioD  is  reallj  caused  by 
tbe  ahadow  of  r  falling  tm  r^^  tbeae  diatanoea  ought  to  oorreapood 
U>  tlw  diatanoea  of  the  retinal  veaela  »  from  Uie  aclerotic  &  on 
tb«  one  hand,  and  from  that  part  of  the  retina  fi  where  rwial 

»  r«f  U*  krofwrUMoT  tk«  «pci«ftl  va%T%  w«  bwi  r«f«r  th«  rmdw  lo  Kb* 
fWfc«««  ^**^*«*'  *»•  ©fil-^  Tb«  «pti«ftl  MDtr*  of  a  lent  ij  tb«  poial  tbrovch 
•W«»  •"  tb*  prlMl^  n^a  at  lb*  r«rU>««  ymicilM  of  ra^i  fslUof  oa  tb«  Wm 
p*M-  Th«  JU|fr*rDmAiI«  •;•  of  LUtlog  (p.  5fi3)  hw  two  optie&l  <H«tr«f»  b«i 
lb»«"»7.  wiUioqi  lerioq*  •rrof ,  U  farther  r*<Jae»<l  f«r  prsctieal  rwiTMM  ta 
•»•  l^»of  !■  U*  l«a«  »•«  iu  |K»«c«rior  •«rfw!«.  m  aboal  I J  mm.  ' 
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impreesioDg  begin,  od  the  other.  H.  Mtiller  found  that  the  db-] 
tance  r^»'  thus  calculated  corresponded  to  the  distance  of  the 
retinal  vessels  from  the  layer  of  rods  and  cones.  Thus  Turkiuje's 
figures  prove,  in  the  first  place,  that  the  sensory  impulses  which 
form  the  coraniencement  of  visual  sensations  originate  in  some 
part  of  the  retina  behind  the  retinal  ve&sels — i.  e.,  somewhere 
between  them  and  the  choroid  coat;  nnd  H.  Miiller's  calculations 
go  far  to  fehow  that  they  originate  at  the  most  posterior  or  exter- 
nal part  of  the  retina,  viz.,  the  layer  of  rods  and  cones.  It  must 
be  admitted,  however,  that  H,  MuUer's  results  were  not  sufficiently 
exact  to  allow  any  great  atresB  to  be  placed  on  this  argument. 

In  the  second  methwl  of  experimenting,  the  image  always 
moves  in  the  same  direction  as  the  light,  as  it  obviously  must  do. 
In  the  first  method,  where  the  li;^ht  enters  through  the  cornea, 
the  image  moves  in  the  same  direction  as  the  light  when  the 
light  is  moved  from  right  to  left,  provided  the  movement  does 
not  extend  beyond  the  middle  of  the  cornea,  but  in  the  opposite 
direction  to  the  liglit  when  the  latter  is  moved  up  and  down. 
In  Fig.  105,  which  represents  a  horizontal  section  of  an  eye,  if  a 
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be  moveti  to  n,  6  will  move  to  f\  the  shadow  on  the  retina  c  to  >, 
and  the  image  d  to  *^.  If,  on  the  other  baud,  a  be  supposed  to 
move  alKiut  the  plane  of  the  paper,  b  will  mm'e  below^  in  conse- 
quence c  will  move  above,  and  d  will  apjiear  to  move  below — 
i,  e.,  d  will  sink  as  a  rises. 

It  is  desirable  in  these  cases  to  move  the  light  to  and  fro, 
especially  in  the  first  method,  as  the  retina  soon  becomes  tired,  and 
the  image  fades  away.  Some  observers  can  recognize  in  the  axis 
of  vision  a  faint  ahadow  corresponding  to  the  edge  of  the  depres- 
sion of  the  fovea  centralis. 

The  retinal  ve^jseU  may  also  be  rendered  visible  by  looking 
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tbrougb  a  small  orifice  euch  a^  a  pinhole  in  a  card  placed  cloee 
to  the  eye,  at  a  bright  field  such  as  the  aky,  and  moving  the 
orifice  very  rapidly  from  aide  to  aide,  or  up  and  down,  if  the 
movement  l>e  from  side  to  side,  the  vessels  which  run  vertical 
will  be  seen  ;  if  up  and  down,  the  horizontal  veeaels.  The  fine 
capillary  veeeels  are  seen  more  easily  in  this  way  than  by  Pur- 
kinje's  method.  The  same  appearances  may  also  be  produoed 
by  looking  through  a  microscope  from  which  the  objective  hie 
been  removed  and  the  eye-piece  only  left  (or  in  which,  at  least, 
there  is  no  object  distinctly  in  focus  in  the  field),  and  moving 
the  head  rapidly  from  side  to  side  or  backward  and  forward. 
Or  the  microscope  itself  may  be  moved  ;  a  circular  movement  of 
the  field  will  theu  bring  both  the  vertically  and  horizontally  di- 
rected vessels  into  view  at  the  same  time. 


I 


The  Fhotochemiitry  of  the  Retina. — In  seeking  to  understand 
how  it  in  that  rays  of  light  falling  up^^n  the  region  of  the  rods 
un<l  cones  can  give  rise  to  sensory  visual  impulses  in  the  optic 
nerve,  we  may  adopt  one  or  other  of  two  views.  On  the  one 
hand,  we  may  suppose  that  the  vibrations  of  the  ether  are  able, 
through  the  means  of  the  retinal  apparatus  of  the  rods  and  cones 
for  example,  to  give  rise  in  some  way  or  other  to  molecular 
vibrations,  which  are  the  beginning  of  the  nervous  impulses  in 
the  optic  nerve.  No  satisfactory  explanation  of  how  such  a 
change  can  be  brought  about  has  been  otlered,  and,  indeed,  the 
difficulties  of  such  a  conception  are  very  great.  On  the  other 
hand,  we  may  more  naturally  turn  to  u  chemical  explanation. 
We  arc  familiar  with  the  fact  that  raye  of  light  are  able  to 
bring  about  the  decomposition  of  very  raanv  chemical  sab- 
stances;  and  we  accordingly  sjieak  of  these  sudstances  as  being 
■ensitive  to  light.  All  the  facta  dwelt  on  in  thi^  bix>k  illustrate 
the  great  complexity  and  corresponding  instability  of  the  com- 
j>o8itiou  of  prot4>plnsm.  And  we  might  reasonably  suppose  that 
protoplasm  itself  would  be  sensitive  to  light;  that  is  to  say,  that 
rays  of  light  falling  on  even  undifferentiated  orotoplasm  might 
set  up  a  liecomposition  of  that  protoplasm  and  so  inaugurate  a 
molecular  distiirhance;  in  other  words,  that  light  might  act  aa  a 
direct  stimulus  to  protoplajjm.  As  a  matter  of  fact,  however, 
such  evidence  m  we  at  presetit  possess,  goes  to  show  that  native 
undifferentiated  protoplasm  is,  as  a  rule,  not  sensitive  to  light 
•       *  *  '     '-"  waves  whirh  wlun  they  fall  on  our 


(that  is,  to  th(«e  particular  ' 
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may  call  pure  protoplasm  \&  remarkable  for  its  transparency, 
that  ia  to  say,  the  rays  uf  light  pass  through  it  with  the  slightest 
possible  absorption.  But  in  order  that  light  may  produce  chemi- 
cal efiecl!),  it  must  be  aljsorlied ;  it  must  be  spent  in  doing  the 
chemical  work.  Accordingly  the  firat  step  towards  the  forma- 
tion of  an  organ  of  vieion  is  the  differentiation  of  a  portion  of 
protoplasm  into  a  pigment  at  once  cnpable  of  absorbing  light, 
and  sensitive  to  light — i.  e.,  undergoing  decomposition  upon  ex- 
posure to  light.  An  organigra,  a  portion  of  whose  protonjaam 
had  thus  become  differentiated  into  such  a  pigment,  would  be 
able  to  react  towarda  light.  The  light  falling  on  the  organism 
would  be  in  part  absorbed  by  the  pigment,  and  the  rays  thus  ab- 
sorbed would  produce  a  chemical  action  and  set  free  chemical 
substances  which  before  were  not  present.  We  have  only  to  sup- 
pose that  the  chemical  substances  tire  of  such  a  nature  as  to  act 
as  a  Rtimulus  to  the  protoplat*m  of  other  parts  of  the  organism 
(and  we  have  manifold  evidence  of  the  esfjuisile  sensitiveness  of 
protoplasm  in  general  to  chemical  stimuli^,  in  order  to  see  how 
rays  of  light  falling  on  the  organism  might  excite  movements  in 
it,  or  modify  raovementa  which  were  being  carried  on,  or  might 
otherwise  aifect  the  organisms  in  whole  or  in  part. 

Such  considerations  as  the  foregoing  may  be  applied  to  even 
the  complex  organ  of  vision  of  the  higher  animals.  If  we  sup- 
pose that  the  actual  terminations  of  the  optic  nerve  are  sur- 
rounded by  substances  sensitive  to  light,  then  it  becomes  easy  to 
imagine  how  light  faliiug  on  these  sensitive  substances  should 
Bet  free  chemical  bodies  possessed  of  the  property  of  acting  as 
Btimuli  to  the  actunl  nerve-endings  and  thus  give  rise  to  visual 
impulses  in  the  optic  fibres.  We  say  "easy  to  imagine,"  but  we 
are.  at  present,  far  from  being  able  to  give  definite  proofs  that 
such  an  explanation  of  the  origin  of  visual  impulses  is  the  true 
one,  probable  and  enticing  as  it  may  appear. 

One  of  the  most  striking  features  in  the  structure  of  the  retina 
is  the  abundance  t>f  black  pigment  in  the  retinal,  or,  as  it  is 
sometimes  {*alled,  choroidal,  epithelium.  It  ia  difhcult  to  suppose 
thai  the  8r»le  function  of  this  pigment  is  to  absorb  the  superfluouB 
rays  of  light,  and  that  the  ray.'^  Liuie  alworbed  are  })Ut  to  no  use 
but  simply  wasted.  And,  indeed,  it  has  been  shown  that  the 
pigment  is  sensitive  to  light;  but  the  changes  in  it  induced  by 
light  arc  excessively  slow.  Moreover,  its  presence  cannot  be  of 
fundamental. im|)nrtance,  since  vision  is  not  only  possible  but 
fairly  distinct  with  alhinoa  in  which  this  pigment  is  absent. 

Then  again,  in  the  vast  majority  of  vertebrate  animals,  the 
outer  limbauf  the  rods  are  sutlustid  with  a  purplish-retl  pigment, 
the  so-called  visual  purple,  which  is  so  eminently  sensitive  to  light 
that  images  of  external  objecttf  amy,  by  appropriate  means,  be 
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photographed  in  it  ou  tl»e  retina.  When  the  eye  of  a  frog  or  ol 
a  rabbit  is  examined  in  an  ordinary  wa\\  with  full  exposure  to 
light,  the  retina  appears  colorless.  But  if  the  eye  be  kepi  in  the 
dark  for  Bonie  time  before  it  is  examined,  the  retina,  if  removed 
rapidly,  will  be  found  to  be  of  a  beautiful  purplish-red  color. 
Upon  exposure  to  light  the  color  changes  to 'yellow  aod  then 
fades  away,  leaving,  however,  the  retina,  not  only  white  but 
more  opaque  than  it  was  before.  Upon  examination  with  the 
microscope  it  is  found  that  the  purple  color  is  confined  exclusively 
to  the  rods  and  to  the  outer  limb^  of  the  rods,  the  iuuer  limbe 
being  wholly  devoid  of  it. 

The  color  of  the  rods  is  due  to  the  presence  of  a  distinct  pig- 
ment, the  ''  visual  purple,"  diBueed  through  the  substance  of  the 
outer  limbs;  and  this  may  be  extracted  from  t!»e  rods  by  dissolv- 
ing thcMc  in  an  aqueous  solutiou  of  bile  salts.  A  clear  purple 
solution  is  thus  obtained,  which  is  capable  of  being  bleached  oy 
the  action  of  light,  and  in  its  general  features  and  behavior  is 
similar  to  the  pigment  aa  it  naturally  exisUs  in  the  retina. 

Visual  purple  is  found,  as  we  have  said,  oxcluaivelv  in  the 
outer  liml)s  of  the  rmls ;  it  has  never  yet  been  found  in  the  cones, 
and  it  is  accordingly  al>sent  from  the  retinas  (bucIi  as  those  of 
snakes)  which  are  composed  of  cones  only,  and  from  the  macula 
lutca  and  fovea  centralis  of  the  retinas  of  man  and  the  ape.  The 
intensity  of  the  coloration  varies  iu  diiTerent  animals,  and  the 
retinas  even  of  some  animals  possessing  rods  (bat,  dove,  beu) 
seem  to  be  wholly  devoid  of  the  visual  purple;  it  is  generally 
well  marked  in  retinas  in  which  the  outer  limbe  of  the  rods  are 
well  developed.  Its  absi-nce  or  presence  is  not  de[>f'ndent  on 
nocturnal  habits,  eince  the  intense  color  of  the  retina  of  the  owl 
is  in  strong  contrast  to  the  absence  of  (Mjlor  iu  the  bat.  It  baa 
been  found  in  the  retina  of  the  embryo. 

The  visual  purple  iu  bleached  not  only  by  white  but  also  by 
monochromatic  light.  Of  the  various  prismatic  rayn,  the  mo«t 
active  are  the  greenish-yellow  ruya,  those  to  the  blue  side  of  these 
coming  next,  the  least  active  being  the  red.  Now  it  is  precisely 
the  greenish-yellow  rays  which  are  most  readily  absorbed  by  the 
color  itaclf.     A  nutural  colored  retina  or  a  solution  of  visual 

{lurple  gives  a  diffuse  spectrum  without  any  defined  absorption 
janils,  and  according  to  the  amount  of  coloring  material  through 
which  the  light  passes,  absorption  is  seen  either  to  be  Iimite4i  to 
the  greenish  yellow  part  of  the  spectrum  or  to  spread  thence 
toward.'^  the  blue  and,  to  a  much  less  extent,  towards  the  red. 
Thus  the  various  prismatic  raya  pro<luce  a  photocheraic^il  effect 
on  the  visual  purple  in  proportion  as  they  are  alworbed  by  it- 
Under  the  action  of  li^ht,  the  visual  purple,  whether  in  solution, 
ur  in  its  natural  condition  iu  the  rods,  passes  through  a  purplish- 
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orange  to  a  yellow,  and  Hually  becomes  cuiorlces;  ami  we  api)ear 
to  be  juBlined  in  apeaking  of  a  "visual  yellow"  aud  "visual 
wbite"  an  products  of  the  |ihotocbemicttl  changes  undergone  by 
the  visual  purple. 

For  the  restoration  of  the  Tisua!  purple,  ailer  it  has  been 
destroyed  by  light,  the  maintenance  of  the  circulation  of  the 
blood  through  the  tissues  of  the  eye  is  not  essential.  The 
choroidal  epithelium  has  by  itself,  provided  that  it  still  retains 
its  tissue  life,  the  power  of  regenerating  the  purple.  If  a  po/tion 
of  the  retina  of  an  exi-iaed  eye  be  raided  from  its  epithelial  bed, 
bleached,  an<l  then  carefuily  restored  U»  itn  natural  position,  the 
purple  will  return  if  the  eye  be  kept  in  the  dark.  The  choroidal 
epituciiuii)  may,  in  fact,  be  spoken  of  as  a  "purpurogenoua" 
membrane. 

If  the  image  of  some  bright  object,  such  as  a  lamp  or  a  win- 
dow, be  thrown  on  to  the  retina,  either  of  an  eye  in  its  natural 
position  or  of  one  recently  excised,  care  liaving  been  taken  to 
keep  the  retina  for  some  time  previous  away  from  any  rays  of 
light,  the  portion  of  the  retina  on  which  the  rays  have  fallen 
will  be  found  to  be  blenched,  the  rest  of  the  retina  remaining 
purple.  In  fact,  an  "  optogram"  of  external  objects  may  thus 
be  obtained;  and,  if  the  retina  be  removed  and  treated  with  a 
four  per  cent,  solution  of  potash  alum  before  the  choroidal  epi- 
thelium has  had  time  to  obliterate  the  bieaching  effects,  the  retina 
may  remain  permanently  in  that  condition;  the  photochenucal 
effect  may,  as  the  photographers  say,  be  "fixed.'* 

It  seemed  very  tempting',  especially  upon  the  first  discovery  of 
it,  to  suppose  tnat  this  visual  purple  is  directly  concerned  in 
vision.  If  we  suppose  that  visual  purple  it«elf  is  inert  towards 
the  endings  of  the  optic  nerve,  but  that  either  visual  yellow  or 
visual  white — i.  e.,  some  product  of  the  action  of  light  on  visual 
purple,  may  act  as  a  stimulus  to  those  endings,  the  way  seems 
opened  to  understanding  how  rays  of  light  can  give  rise  to  sen- 
sory impulses  in  the  optic  nerve.  Unfortunately,  visual  purpU 
is  absent  irom  the  cones,  and  from  the  fovea  centralis  which^  as 
we  shall  sec,  is  the  region  of  distinct  vision;  it  is  further  entirely 
wanting  in  some  animals  which  undoubtedly  see  very  well ;  and, 
lastly,  animals,  such  as  frogs,  naturally  possessing  tne  pigment, 
continue  to  see  very  well  aud  even  apparently  to  see  colors  whea, 
their  visual  purple  has  been  absolutely  bleached,  as  it  may  bei 
by  prolonged  exposure  of  the  eyes  to  strong  light.  We  cannot, 
therefore,  at  present  at  least,  explain  the  origin  nf  visual  impulses 
by  the  help  of  visual  purple.  At  the  same  time  its  history  sug- 
gests that  some  suhslancfS,  sensitive  like  it  to  light,  but  unlike 
it,  colorless,  and  therefore  escaping  observation,  may  exist,  and 
by  photochemical  changes  i»e  the  means  of  exciting  the  optic 
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nerves.  And,  &&  wc  shall  see  Inter  on,  one  theory  of  color  vieion 
is  based  ou  the  assumptian  that  vision  is  carried  on  in  some  way 
or  other  by  changefl  in  what  may  be  called  visual  eubstancei 
present  in  the  retina,  thebc  Bubtftaucee  being  used  up  and  regen- 
erated as  vlaion  is  going  on. 

But  even  admitting  as  probable  the  existence  of  these  sensitive 
visual  subHtanors,  ihe  chaug(«  in  which  lead  to  atimulation  of  the 
real  endinga  of  the  retinal  nervous  mechaniams,  we  cannot  at 
prciieut  Hlalu  anything  dt'linite  concerning  those  nerve-endings  or 
the  manner  of  their  siimululiciu.  It  may  be  that  even  the  outer 
linibti  of  the  rudd  and  cones,  in  si)ite  of  the  apparent  break  of 
continuity  between  the  outer  and  inner  limbs,  are  really  nervous 
in  nature.  It  may  be,  on  the  other  hand,  that  the  outer  limbs 
arc  either  purely  dinptri*^  iu  function,  or  are  associated  with  the 
sensitive  visual  substances  iu  such  a  way  that  the  purely  nervous 
Btructures  mut^t  be  considered  as  extending  no  further,  at  least, 
than  the  inner  limbs.  We  cannot  as  yet  make  any  definite  state- 
ment in  the  one  direction  or  the  other. 

In  connection  with  the  origin  of  visual  impulses  we  may 
perhaps  call  attention  to  tlie  remarkable  changes  which  the  cells 
of  the  retinal  i>igmcnL  epithelium  undergo  under  the  influence  of 
light.  When  an  eye  hajj  been  shut  4tti*  from  all  light  for  some 
little  time,  the  iiigment  is  cunccntruted  in  the  bodies  of  the  oells, 
and  the  remarkable  filauicutous  proccgsofl  of  the  cells,  with  the 
pigment  granules  or  crystals  which  they  carry,  extend  a  slight 
distance  only  between  the  limbs  of  the  rods  ami  cones  fabout 
one-third  down  the  length  of  the  outer  limbs  of  the  rodsj.  Under 
the  inrtuence  of  light  these  processea  loaded  with  pigment  thrust 
themselves  a  much  longer  way  down  towards  the  external  limit- 
ing membrane;  iu  consequence  a  considerable  quantity  of  pig- 
ment is  found  massed  between  the  outer  and  even  the  inner  limbs 
of  the  rods  and  cones;  indeed  the  outer  limbs  of  the  rods  swell- 
ing, at  the  same  time,  become  jammed  as  it  were  between  the 
masses  of  pigment,  causing  the  epithelial  layer  to  adhere  very 
closely  to  the  layer  of  rods  and  cones. 

The  retina  and  optic  nerve  like  other  nervous  structures  de- 
velop electric  currents  which  may  be  spoken  of  as  currents  of 
rest  and  currents  of  action.  They  may  l>e  shown  by  placing  one 
electrode  on  the  retina  of  a  bisected  eye,  or  on  the  cornea  of  a 
whole  one,  and  the  other  on  the  optic  nerve,  or  hind  part  of  the 
eyeball  or  even  on  some  distant  part  of  the  body.  They  are  also 
manifested  by  the  isolated  retina  itself.  The  phenomena  appear 
somewhat  complicated  by  the  appearance  now  of  positive,  now  of 
negative  variations;  but  this  fact  comes  out  clearly  that  the  in- 
cidence of  light  on  the  irritable  retina  develops  an  electric 
change,  the  magnitude  of  which  is  to  a  certain  extent  propor- 
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tiooate  to  the  inteneitj  of  the  light  acting  ae  a  stimulus.  The 
changes  accordingly  dimiuish  and  cease  to  apprnr  n^  the  retina 
gradually  lnses  its  irritability  after  death.  VVe  may  add  that 
these  electric  pheuoineua  appear  to  be  quite  indepcudent  ot^  the 
condition  of  the  visual  purple. 

Simple  Seiuaiiona, 

Relations  of  the  Sensation  to  the  Stimulns. — If  we  put  aside 
for  the  present  all  questions  of  color,  we  may  say  that  light, 
viewed  as  a  stimulus  MHecting  the  retina,  varies  in  intensitv^ — that 
is.  in  the  energy  of  the  Inruinoua  vibrations  as  manifested  by  their 
amplitude ;  and  in  duration — that  is,  in  the  length  of  time  a  suc- 
cession nf  waves  continiiea  to  fall  upon  the  retina.  The  effect  of 
tbe  light  will  also  depend  on  the  extent  of  retinal  Hurface  ex- 
posed to  the  luminous  vibrations  at  the  same  time.  Taking  a 
luminous  point,  iu  order  to  eliminate  the  latter  circumstance,  we 
may  make  the  following  statements. 

The  sensation  has  a  duration  much  greater  than  that  of  the 
stimulus,  and,  in  this  respect,  is  comparable  to  a  muscular  con- 
traction caused  by  such  a  stimulus  as  a  single  induction  shock. 
The  sensation  of  a  Hash  of  light,  for  instance,  last^  for  a  much 
hmger  time  than  that  during  which  luminous  vibrations  are  fall- 
ing on  the  retina.  Hence,  when  two  stiiimli,  such  as  two  flashea 
of  light,  follow  each  other  at  a  sufficiently  short  interval,  the  two 
senaations  are  fused  into  one;  and  a  luiiiinnua  point  moving 
rapidly  round  in  n  circle  gives  rise  to  the  sensation  of  a  continu- 
ous circle  of  light.  This  again  is  cjuilo  comparable  to  muscular 
tet^inus.  The  interval  at  which  fusinn  takes  place,  that  is,  the 
interval  between  successive  stimuli  which  must  be  exceeded  in 
order  that  successive  distinct  sensations  may  be  produced,  varies 
acconliug  to  the  intensity  of  the  light,  being  shorter  with  the 
stronger  light;  with  a  faint  light  it  is  about  -^^  sec,  with  a  strong 
light  -^^  OT  -^  sec.  This  may  be  shown  by  rotating  rapidly  be- 
fore the  eye  a  disk  arrange-d  with  alternate  black  and  white 
sectors  of  equal  width.  With  a  faint  illuitiination,  the  tlicker- 
ing  indicative  of  the  successive  sensations  from  the  white  sectors 
not  being  completely  fused,  ceases  when  the  rotation  becomes  so 
rapid  that  each  [>air  of  black  and  white  sectors  takes  only  -^ 
sec,  in  passing  before  the  eye.  When  a  brighter  illumination  is 
used  the  rapidity  muBt  be  increased  before  the  flickering  disap- 
pears. That  pan  of  the  sensation  which  is  recognized  as  lasting 
after  the  cessation  of  the  stimulus  is  frequently  spoken  of  as  the 
"after-image." 

Though  the  duration  of  the  aiW-image  is  longer  with  the 
■tronger  light  (that  caused  by  looking  eveu  momentarily  at  tbe 
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Bun  lusting  for  some  timc)^  the  commenoument  of  the  decline  of 
the  seueation  begins  relatively  earlier,  hence  the  greater  difficulty 
in  the  complete  fusion  of  tsuccessive  HeuiiatiouH  with  the  stronger 
light.  The  interval  at  which  fusion  lakes  place  differs  with  dif- 
fereut  colurs,  being  shortest  with  yellow,  intermediate  with  red, 
and  longest  with  blue. 

The  duration  of  a  etiniulus  necessary  to  call  forth  a  sensation 
is  exceedingly  short;  thus,  the  shortest  possible  flash,  such  as 
that  of  an  electric  spark,  gives  rise  to  a  sensation  of  light. 

Objects  in  motion^  when  illuiniuated  by  a  single  electric  spark, 
apj)ear  motionless,  the  siinniltis  of  the  light  reflected  from  them 
ceatjing  before  they  cau  make  an  appreciable  change  in  their 
position.  When  a  moving  body  is  illuminated  by  several  rapirl 
flashes  in  succession,  several  distinct  images  corresponding  to  the 
positions  of  thQ  body  during  the  several  flashes  arc  generated — 
the  images  of  the  boiiy  corresponding  to  the  several  iJasbea  iall 
OD  diflerent  parts  of  the  retina. 

The  intensity  of  the  sensation  varies  with  the  luminous  inten- 
sity of  the  object;  a  wax  candle  appears  brighter  than  a  rush- 
light. The  ratio,  however,  of  the  sensation  to  the  stimulus  is 
not  a  simple  one.  If  the  luminosity  of  an  object  be  gradually 
increased  from  a  very  feeble  stage  to  a  very  bright  one,  it  will  be 
found  that,  though  the  corre3|>ouding  sensations  likewise  gradually 
increase,  the  increments  of  the  sensations  due  to  incremetit£  of 
the  luminosity  gradually  diminish;  and  at  last  an  increase  of 
the  luminosity  produces  no  appreciable  increase  of  sensation;  s 
light,  when  it  reaches  u  certain  brightness,  appears  so  bright 
that  we  cannot  tell  when  it  becomes  any  brighter.  Hence,  it  is 
much  easier  to  distinguish  a  slight  diflereuce  of  brightneas  be- 
tween two  feeble  lighta  than  the  same  difference  between  two 
bright  iightp;  we  can  easily  tell  the  difference  between  a  rush- 
light and  a  wax  candle;  but  two  .'tuns,  or  even  two  bright  lamps, 
one  of  which  diflered  from  the  other  merely  by  just  the  number 
of  luminous  rays  which  a  wax  can*Ue  emits  in  addition  to  those 
sent  forth  by  a  ru^^hlighl,  would  appear  to  us  to  have  exactly 
the  same  brightnestj.  In  a  darkened  room  au  object  placed  be- 
fore a  c&ndle  will  throw  what  we  consider  a  deep  shadow  on  a 
sheet  of  paper,  or  any  while  surface.  If,  however,  bunlight  be 
allowed  to  fall  on  the  paper  at  the  same  lime  from  the  opposite 
siile,  the  shadow  is  no  longer  visible.  Tbc  difference  between 
the  total  light  reticcled  from  that  part  of  the  paper  where  the 
shadow  was,  and  which  is  illuminated  by  the  sun  alone,  and  thai 
reflected  from  the  rest  of  the  paper  which  is  illuminateti  by  the 
candle  as  well  as  by  the  sun,  remains  the  same;  yet  we  cun  no 
longer  appreciate  that  difference. 

On  the  other  hand,  if  using   two   rushlights  we  throw  two 
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shadows  oa  a  white  surface  and  move  une  rushlight  away  until 
the  shadow  catiHpd  hy  it  ceases  to  be  visible;  and,  having  noted 
the  dislaiu'c*  to  which  it  had  to  be  moved,  repeat  the  Baine  experi- 
ment with  two  wax  candles;  we  shall  Bnd  that  tiic  wax  candle 
lias  to  be  moved  juHt  as  i'ar  as  the  rushlight.  In  tact,  it  is  found 
by  careful  observation,  that  within  tolerably  wide  limits,  the 
■mallest  difference  of  light  which  we  can  appreciate  by  visual 
■ensatious  is  a  constant  fraction  (about  y^oth)  of  the  total  lumi- 
nosity employed.  The  same  law  holds  good  with  regard  to  the 
other  senses  as  well.  The  smallest  ditference  in  length  we  can 
detect  between  two  liues,  one  an  inch  long  and  the  otnor  a  little 
less  than  an  inch,  is  the  same  fraction  of  an  inch,  that  the 
smallest  difference  in  length  we  can  detect  between  a  line  a  foot 
long  and  one  a  little  less  than  a  foot,  is  of  a  foot.  I*ijt  in  a  more 
E;eueral  form,  then,  the  law,  which  is  often  called  Weber's  law,' 
18  as  follows:  When  a  stimulus  i.s  continually  increased,  the  in- 
crease <tf  stimulus  necessary  to  call  forth  the  smallest  appreciable 
increase  of  sensation  always  bears  the  same  proportion  to  the 
whole  stimulus. 


Distinction  and  Fusion  of  Sensations. — When  light  falls  on  a 
large  jMjrtioii  of  the  retina,  the  total  nensation  produced  is  greater 
in  amount  thag  when  a  small  portion  only  of  the  retina  is  affected  ; 
a  large  piece  of  white  paper  produces  a  greater  total  effect  on  our 
couscifmeness  than  a  small  one;  though,  if  the  surfaces  be  uni- 
formly and  equally  illuminated,  the  intensity  of  the  sensation  is 
in  each  case  the  same;  the  small  piece  of  pa|>er  appears  as  bright 
or  as  "white"  as  the  large  one.  If  th«'  ima»;e8  of  two  luminous 
objects  tall  on  the  retina  at  sufficient  iJistances  apart,  the  conse- 
quent sensations  are  distinct,  and  the  intensity  or  each  sensation 
will  depend  solely  upon  the  luminosity  of  the  corresponding 
object.  If,  however,  the  two  objects  are  made  to  approach  each 
other,  a  point  will  l>c  reached  at  whi';h  the  two  sensations  arc 
fused  into  one.  When  this  occurs,  the  intensity  of  the  total 
sensation  produced  will  be  greater  than  that  of  either  of  the  sen- 
sations caused  hy  the  single  objects.  A  number  of  luminous 
points  scatteied  over  a  wide  surface  would  appear  each  to  have 
a  certain  brightness;  each  would  give  rise  to  a  sensation  of  a 
certain  intensity.  If  they  were  all  gathered  into  one  spot,  that 
8|H>t  would  appear  far  brighter  thau  any  of  the  previous  points; 
the  intensity  of  the  senaatiou  would  be  greater.  We  may  there- 
fore suppose  the  retina  to  be  divided  into  areas  corresponding  to 
sensational  units.     If  the  images  from  two  luminous  objects  fall 

*  ProtQ  wbiofa  Fecbner^  hy  an  lusnmption.  libtnined  ft  tufttlietnuticftl  exproesian 
or  rortnnla,  whioh  is  aomotimea  inoorrocllj  ipoken  of  as  Fecbner's  law. 
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on  separate  visual  area£,  if  we  may  so  call  tbem,  two  distinct 
sensations  will  be  produced;  if,  on  the  contrary,  they  both  fall 
ou  the  same  visual  are:i»  one  seUBation  only  will  be  produeed. 
Where  tlie  seusutions  are  separate,  the  intensity  of  the  one  (with 
exceptions  hereafter  to  be  mentioned)  is  not  nflected  by  the  pres- 
ence of  the  other;  but  where  they  become  fuse<i,  the  intensity  of 
the  united  sensations  is  greater  than  either  of,  though  not  equal 
to  the  sum  of,  the  single  sensations.  The  existence  of  these  sen- 
sationa!  units  is  the  bjisia  of  distinct  vision.  When  we  speak  of 
the  smallest  size  vi&ilde  or  tlirilinguisbable,  we  are  referring  t4)  the 
dimensions  of  the  retinal  areas  corresponding  to  these  sensational 
units.  The  retinal  area  muat  be  carefully  distinguished  from  the 
sensational  unit,  for  the  sensation  is,  as  we  have  seen,  a  process 
whose  arena  stretches  frnra  the  retina  to  certain  parts  of  the 
brain,  and  the  circumscription  of  the  sensational  unit,  though  it 
must  begin  as  a  retiuul  area,  must  also  be  continued  as  a  cere- 
bral area  in  the  brain,  the  latter  corresponding  to,  and  being,  as 
it  were,  the  projection  of,  the  former.  With  most  people  two 
stars  appear  as  a  single  star  when  the  distance  between  them  sub- 
tends an  angle  of  less  than  fiO  seconds;  and  the  best  eyes  gen- 
erally fail  to  distinguish  two  parallel  white  streaks  when  the 
distance  between  the  two,  measurei]  from  the  middle  of  each, 
subtends  an  angle  of  less  than  73  seconds.  Some,  however,  can 
distinguish  objects  50  seconds  distant  from  each  otlier.  An  angle 
of  73  seconds  in  an  object  corresponds  in  the  diagrammatic  eye 
(see  p.  583)  to  the  length  of  5.3<i/i  in  the  retinal  image,'  and  one 
of  50  seconds  to  3.65  (t. 

lu  the  human  eye  50  cones  may  be  counted  along  a  line  of 
200/'  in  k'Qglh  <lruwu  through  the  centre  of  the  yellow  spot; 
this  woulil  give  4  }i  fur  the  distance  between  the  centres  of  two 
adjoining  cones  in  the  vellow  spot,  the  average  diameter  of  a 
cone  at  iu  widest  part  being  3  u  and  there  being  slight  intervals 
between  neighboring  cones.  Hence  if  we  take  the  centre  of  a 
cone  as  the  centre  of  an  anatomical  retinal  area,  those  anatom- 
ical areas  correspond  very  fairly  to  the  physiological  visual 
areas  as  iletermined  above.  That  is  to  say,  if  two  points  of  the 
retinal  iinage  are  less  than  4  /'  apart,  they  mav  both  lie  within 
the  Hrea  of  a  single  cone;  and  it  is  just  when  t)iey  are  less  than 
about  4 /J  apart  that  they  cea^c  to  give  rise  to  two  distinct  sen- 
sations. It  must  be  remembered,  however,  that  the  fusion  or 
distinction  of  the  sensations  is  ultimately  determined  by  the 
brain  and  not  by  the  retina.  Two  points  of  the  retinal  image 
leas  than  4  /'  apart  might  lie  both  within  the  area  of  a  single 
oone ;  but  the  reas  m  why,  under  such  circumstances,  they  give 
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riae  to  one  seasation  only  is  not  because  one  cone-fibre  only  is 
stimulated.  Two  points  of  a  retinal  image  might  lie,  one  on  ihe 
area  of  one  cone  anil  another  on  the  area  of  an  adjoining  cone, 
and  still  be  less  than  4  n  apart ;  in  such  a  case  two  cone-fibreB 
would  be  stimulated,  and  yet  only  one  Bcnaation  would  be  pro- 
duced. So  also  in  the  les3  sensitive  peripheral  parts  of  the  retiua 
two  points  of  the  retinal  image  might  stimulate  two  cones  a  con- 
siderable distance  apart,  and  yet  give  rise  to  one  sensation  only. 
In  the  ciise  where  the  two  points  lie  entirely  within  the  area 
of  a  single  cone,  it  is  exceedingly  probable  that,  even  if  the 
adjacent  cones  or  cone  fibres  in  the  retiua  are  not  at  the  same 
time  Btimulated,  inipulst-a  radiate  from  the  cerebral  ending  of  the 
excited  cone  into  the  neighboring  cerebral  endings  of  the  neigh- 
boring cones;  in  other  words,  the  sensation-area  in  the  brain 
does  not  exactly  corres|K>nd  to  and  is  not  sharply  defined  like  the 
retinal  area,  but  gradually  fades  away  into  ueighboring  sensa-j 
tion-areas.  We  may  imagine  two  points  of  the  retinal  image  so 
far  apart  that  even  the  extreme  margins  of  their  respective 
cerebral  sensation-areas  do  not  tou^h  each  other  in  the  least ;  in 
such  a  case  there  can  be  no  doubt  about  the  two  i>oints  giving 
rise  to  two  sensations.  We  might,  however,  imagine  a  seuono 
case  where  two  points  were  just  so  far  apart  that  their  respective 
sensation-areas  should  coalesce  at  their  margins,  and  yet  that,  in 
passing  from  the  centre  of  one  sensation-area  to  the  centre  of  the 
other,  we  should  find  on  examination  a  considerable  fall  of  seu* 
sation  at  the  juncture  of  the  two  areas;  and  in  a  third  case  we 
might  imagine  the  two  centres  to  be  so  close  to  each  other  that 
in  passing  from  one  to  the  other  no  appreciable  diminution  of 
senaation  could  be  discovered.  In  the  last  case  there  would  be 
but  one  sensation,  in  the  second  there  might  still  be  two  sensa- 
tions if  the  marginal  fall  were  great  enough,  even  though  the 
areas  partially  coalescetl.  Thus,  though  the  mosaic  of  rods  and 
cones  is  the  basis  of  distinct  vision,  the  distinction  or  fusion  of 
two  visual  impulses  is  ultimately  determined  by  the  di6(H>aition 
and  condition  of  the  cerebral  centres.  Hence  the  possibility  of 
increasing  by  exercise  the  faculty  of  distinguishing  two  sensa-] 
tious,  since  by  use  the  cerebral  sensation-areas  become  more  and 
more  diiierentialcd.  This  however  is  even  more  strikingly  shown 
in  touch  than  in  sight. 

Cohr  SeMations. 

When  we  allow  sunlight  reflected  from  a  cloud  or  sheet  of 
paper  to  fall  into  the  eye,  we  have  a  sensation  which  we  call  a 
sensation  of  white  light.  When  we  look  at  the  same  light 
through  a  prism,  and  allow  different  parts  of  the  H|}ectrum  to 
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fall  in  eucceaeion  into  the  eye,  we  have  sensatioDs  which  we  call 
respectively  sensations  of  red,  orange,  yellow,  ^reen,  blue,  violet, 
etc.,  light.  In  other  words,  rays  of  light  falling  on  the  retina 
give  rise  tu  diHereut  sensations,  according  to  the  wave-lengths  of 
the  rays.  Though  we  speak  of  the  spectrum  as  consisting  of  a 
few  colors,  such  as  red,  orange,  etc.,  there  are  au  almost  infinite 
number  of  intermediate  tints  in  the  spectrum  itself;  and  we 
perceive  in  external  nature  a  large  number  of  colors,  such  ae 
purple,  brown,  gray,  etc.,  which  do  not  correspond  to  any  of  the 
color  sensations  gained  by  regarding  the  successive  parts  of  the 
spectrum.  We  find,  however,  on  examination  that  certain  dis- 
tinct color  sensations,  not  corresponding  to  any  of  the  colors  of 
the  spectrum,  may  be  obtained  by  the  fusion  of  the  sensatioDs 
caused  by  two  or  more  of  the  prismatic  colors.  Thus  purple, 
which  is  not  present  in  the  spectruni.  may  be  at  once  produced 
by  fusing  the  sensations  of  blue  and  red  in  proper  proj>ortioDa. 
Moreover,  many  of  the  various  tints  and  shades  of  nature  may  be 
imitated  by  fusing  a  particular  color  sensatittn  with  the  sensation 
of  white,  or  by  allowing  a  certain  quantity  of  light  of  a  particular 
color  to  fall  sparsely  over  the  area  of  the  retina,  which  is  at  the 
same  time  protected  from  the  access  of  any  other  light — i,  e., 
as  we  say,  by  mixing  the  color  with  black.  Thus  the  browns  of 
nature  result  from  various  admixtures  of  yellow,  red,  white,  and 
black;  and  a  small  quantity  of  white  light,  scattered  over  a 
large  area  of  the  retina — t.  e.,  white  largely  mixeti  with  black, 
forms  a  gray.  In  fact,  the  qualities  of  a  color  depend  (1  ion  the 
nature  of  the  prismatic  color  or  colors — i.  e.,  on  the  wave-lengths 
of  the  coni!tituent  rays,  falling  on  a  given  area  of  the  retina; 
(2)  on  the  amount  of  this  colored  light  which  falls  on  the  area 
of  the  retina  in  a  given  time;  and  (8)  on  the  amount  of  white 
light  falling  on  the  same  area  at  the  same  time.  AVhen  rays 
corresponding  to  a  prismatic  color  fall  upon  the  retina  unac- 
companied by  any  white  light,  the  color  is  said  to  be  *'  saturated  " ; 
and  a  color  is  spoken  of  as  more  or  less  saturates!  according  as 
it  is  mixed  with  less  or  more  white  light.  When  we  are  led  to 
describe  a  color  as  being  of  such  a  tint  or  hue,  we  are  guided  by 
the  first  of  the  above  conditions.  But  we  have  no  common 
phrases  by  which  we  distinguish  the  second  of  the  above  condi- 
tions from  the  third.  The  word  "pale,"  it  is  true,  is  most  fre- 
quently used  to  express  a  color  very  slightly  saturated  ;  but  the 
words  '*  rich  "  or  "  deep  "  are  used  sometimes  as  meaning  highly 
saturated,  sometimes  as  meaning  dimply  that  a  large  quantity  of 
light  of  the  particular  hue  is  passing  into  the  eye.  8o  also  with 
the  phrase  "  bright ;  "  this  we  oflen  use  when  a  large  amount  of 
colored  and  white  light  falls  at  the  same  time  on  the  same  retinal 
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area,  but  we  sometimes  also  use  it  to  express  the  mere  intensity 
of  the  sensation. 

The  best  method  of  fusing  color  lensations  U  that  adopted  by  Maxwell, 
of  allowing  two  ditlVsrent  parte  of  the  spectrum  t«)  fall  on  tlie  same  fmrt 
of  the  rt'tiDu  at  the  same  time.  The  tue  of  the  pure  priftmatio  colon 
eliminator  om^rs  which  arise  when  pigmenlj*,  the  CfiK.rs  uf  which  are  not' 
pure  but  mijEvd,  lire  employed.  And  whem  piemonts  are  ufied,  it  is  tha' 
sensations  to  whioh  the  pigments  give  rise  which  must  be  mixed  and  not! 
the  pijiTinent^  them^'lvivt.  Thus  while  the  st'nMiliimfi  gained  by  looking'' 
at  gamboge  yelh>w  »n<l  indigo  reapcctivcly  when  fUsed  give  rise  l»  a  sen*! 
sutiun  uf  while,  gamboge  and  iiidigu  themselves  when  mixed  appear' 
green.  The  color  of  the  mixed  pigment  is  due  to  the  fact  that  the  rays 
which  reach  the  eye  fr*»m  Iho  mixture  are  those  which  are  least  absorbed 
by  the  two  pignientJi.  The  gambogo  absorbs  the  blue  rays  very  largely, 
but  the  green  to  a  much  less  extent,  while  the  indign  uK«orbs  the  red  and 
yellow  ravs  very  largely,  hut  aUo  ttl>sorl>s  very  little  of  the  green.  Hence 
green  is  llie  predominant  hue  of  the  mixture.  When  pure  pigments — i.  e., 
pigments  currv-ponding  us  closely  im  jru^^sible  io  the  prismatic  colon,  are 
used,  sati*f!ictor\  n^iiults  may  l>e  gained,  either  by  using  the  reflected 
image  of  one  pigment,  and  arranging  so  that  it  falls  on  the  retina  at  tho 
same  spot  as  the  direct  image  of  the  other  pigment,  or  by  allowing  tl 
image  of  one  pigment  to  fall  on  the  retina  before  the  Bcneatiun  prr>uuc< 
by  the  other  has  parsed  away.  The  firet  result  is  easily  peached  by  Ilelm- 
holtz's  simple  mothod  of  placing  two  pieces  of  coh>red  pft(>er  a  little 
distance  apart  on  a  tabic,  om^  on  each  tiide  of  a  gla^u  ])lHte  inclined  at  an 
angle.  By  looking  with  one  eye  down  on  the  glass  plate  the  reflected 
image  of  the  unc  paper  may  be  made  to  coincide  with  llie  direct  image  of 
the  other,  the  angle  whicii  the  glasi  plate  makes  with  the  table  l>eing 
adjusted  to  the  distance  between  the  pieces  of  paper.  In  the  eccond 
methnd  the  '>colnr  top"  is  ut»ed;  sectors  of  the  colon  to  be  investigated 
are  placed  on  a  dii«k  made  to  rotate  very  rapidly,  nud  the  image  of  ona 
color  is  thus  brought  to  boar  on  the  retina  so  6oon  af^cr  tho  image  of 
another  that  the  two  sensations  are  fbsed  into  one. 


When  the  sensations  corresponding  to  the  several  prisniatic 
colors  are  fusetl  together  in  variona  combinations,  the  following 
remarkable  results  are  brought  about. 

1.  When  red  and  yellow  in  certain  proportions  are  mixed 
together  the  result  is  a  sensation  of  orange,  quite  indistinguish- 
able from  the  orange  of  the  spectrum  itself.  Now  the  latter  is 
produced  by  rays  of  certain  wave-lengths,  whereas  the  rays  of 
red  and  of  yellow  are  respectively  of  quite  diflereut  wave-lengths. 
The  orange  of  the  spt^clrum  cannot  be  made  up  by  any  mixture  of 
the  red  and  the  yellow  of  the  spectrum  in  the  sense  that  the  red 
and  yellow  rays  can  unite  together  to  form  rays  of  the  same 
wave-lengths  as  the  orange  rays;  the  three  things  are  absolutely 
different.  It  is  simply  tbe  mixed  sensation  of  the  red  and  yellow 
which  is  so  like  the  stnsaiioii  of  orange;  the  mixture  is  entirely 
and  absolutely  a  physiological  one.  In  the  same  way  we  may 
by  appropriate  mixtures  produce  the  sensations  corresponding 
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other  parU  of  the  spectrum.     Now  we  must  suppose  that  raya  61 

different  wave-Ienglha  give  rise  to  different  sensory  impulsee — 
that,  lor  instanue,  the  seneory  impulses  generated  by  orange  rays 
are  different  from  those  generated  by  red  ivnd  by  yellow  rays. 
Hence,  we  are  led  by  the  fact  of  mixed  sensations  being  identical 
with  ifthcr  apparently  simple  sensations  to  infer  that  the  aensqry 
impulses  which  any  ray  originates  are  either  themselvea  of  a 
complex  character,  or  in  becoming  converted  into  sensations  give 
rise  to  complex  or  mixed  sensations;  that,  for  instance,  the 
impulse  or  sensation  which  a  ray  in  the  middle  of  the  orange 
gives  rise  to,  is  not  a  simple  impulse  or  sensation  answering  ex- 
clusively to  the  color  of  that  ray,  but  that  the  ray  gives  riae 
either  to  a  complex  impulse  which  becomes  converted  into  a 
complex  sensation,  or  to  a  simple  impulse  which  eventually  de- 
veloj)s  into  a  mixed  or  complex  sensation,  into  the  composition 
of  which  in  each  case  other  orange  tinta  and  shades  of  red  and 
yellow  enter. 

2.  When  certain  colors  are  mixed  together  in  pairs  in  certain 
deiintte  proportions,  the  result  is  white.     These  colors 

Red  (near  a),^  nnd  Blue-Greco  (nonr  F), 

Umnge  fueur  0],  and  Blue  (between  F  and  O), 

Yellow  (near  D),  and  Indi(;o-Blue  (near  6), 

Grccn-Tellow  (ncarE),  nnd  Violet  (bciwocn  G  aad  H), 

and  are  said  to  be  "  complementary"  to  each  other.  To  tbeae 
might  be  adiJed  the  peculiar  non-prismatic  color,  purple,  which, 
with  green,  also  givcti  white. 

3.  If  we  select  arbitrarily  any  three  colors  corresponding  to 
any  three  parts  of  the  spectrum  sufficiently  far  apart — say,  for 
instance,  red,  green,  and  blue — we  can,  by  a  proper  adjustment  of 
the  proportions  of  each,  produce  white.  Further,  these  three 
colors  can  be  taken  in  such  proportions  as  with  a  pro[)er  addi- 
tion, if  necessary,  of  white  to  produce  the  sensations  of  all  other 
colors.'  That  ia  to  say,  given  three  standard  sensations,  all  the 
other  sensations  may  be  gained  by  the  proper  mixture  of  these. 

It  is  obvious  from  the  foregoing,  that  our  real  color  sensations 
are  much  fewer  in  number  than  tbcjse  which  we  appear  to  have 
when  we  look  on  the  colors  of  the  spectrum  or  of  nature  ;  that 
raya  of  light  awake  in  us  certain  simple  sensations,  which  mixe<l 
in  various  proportions  reproduce  all  our  sensations.  And  the 
question  arises,  What  is  the  nature  or  what  are  the  characters  of 
tnese  simple  sensations? 

1  Tb«»«  letter!  ref«r  to  Fr*a«nhor«r'«  Hdbi. 

>  A  few  hlfC^tty  mtumted  oolori  oannot  be  fl<j  roprnclac«<],  but  ^  intxtar9  of 
mnjr  nn«  nf  (h«iii  nith  white  onn.  Wa  mu.v  perbspii.  tborefor*.  vpeak  of  ihM* 
iftlurnted  ooloM  a»  bottiK  repPKluoed  by  a  proper  uombiaaiioD  of  the  tbrf«  arbi- 
trarily lelMleJ  colon,  with  thotufrrrciWiVn  of  whit«. 
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When  we  examine  nur  own  sensationa  of  light  we  HnH  that 
certain  of  these  seem  to  be  quite  distinct  in  nnture  from  each 
other,  80  that  each  iii  somethiug  aui  generis,  vrhereaa  we  easily 
recognize  all  other  ftensaii<insa8  varioufl  mixtures  of  these.  Thus 
red  and  yellow  are  to  uh  4uite  diHtiuct ;  we  do  not  recognize  any 
thing  common  to  the  two,  but  orange  \a  obviously  a  mixture  of 
red  and  yellow.  The  sensations  cnused  by  different  kimls  of 
light  whicb  thus  upfienr  to  us  disLinct,  and  which  we  may  speak 
of  as  "  fundamental  sensMions,**  are  while,  black,  red,  yellow, 
green,  blue.  Each  of  tberte  seems  to  us  to  have  nothing  in 
common  with  any  of  the  others,  whereas  in  all  other  colora  we 
can  recognize  a  mixture  of  two  or  more  of  these. 

This  result  of  common  experience  suggests  the  idea  that  these 
fundamental  sensations  are  the  primary  or  simple  sensations, 
spoken  of  above  as  those  out  of  which  all  other  sensatitms  may 
be  supposed  to  be  compounded.  And  a  theory  has  been  pro- 
|K)sed  to  reconcile  the  various  facts  of  color  vision,  with  the  sup- 
position that  we  possess  the^e  six  fundamental  sensations.  This 
theory,  known  as  that  of  Tiering,  is  somewhat  as  follows:  The 
six  sensations  readily  fall  into  three  pairs,  the  members  of  each 
pair  having  analogous  relations  to  each  other.  White'and  black 
naturally  go  together,  the  one  being  the  antagonistic  or  correla- 
tive of  the  other.  There  is  a  similar  connection  between  red 
and  green,  the  one  being  the  complementary  of  the  other,  and 
between  yellow  and  blue,  which  are  similarly  complementary. 
We  saw  reason  a  short  time  back  (p.  61 1\  for  believinj;  that 
vision  originates  in  the  changea  taking  place  in  certain  visual 
aubstances  (or  a  visual  substance)  in  the  retina.  And  the  theory 
of  which  we  are  speaking  supposes  that  there  exist  in  the  retina, 
or  at  least  somewhere  in  the  visual  apparatus,  three  distinct 
visual  substances  which  are  continually  undergoing  a  double 
metabolism,  one  constmotive,  of  assimilation  or  building  up,  and 
the  other  destructi^re,  of  dissimilation  or  breaking  down.  One 
of  these  substances  is  further  of  such  a  nature  that  when  dissimi- 
lation is  in  excess  of  assimilation  we  have  a  sensation  of  white, 
and  wheu  assimilation  is  in  excess,  a  sensation  of  black.  With 
a  second  substance  excess  of  dissimilation  provokes  red.  of  assimi- 
lation green,  and  with  the  third  substance,  yellow  and  blue  re- 
spectively. When  in  tbe  latter  two  substances  dissimilation  and 
aasitnilation  are  exactly  equal,  no  effect  is  producetl,  but  with 
the  first  substance,  this  condition  produces  in  us  the  effect  of 
gray.  Further,  these  substances  are  of  such  a  kind  that  while 
the  first  or  white-black  substance  is  influenced  by  rays  along  the 
whole  range  of  the  spectrum,  the  two  other  substances  are  dif- 
ferently influenced  by  rays  of  different  wave-length.  Thus  in 
the  part  of  the  spectrum  which  we  call  red,  the  rays  promote  a 
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rapifl  iHssimilation  of  the  rbd-green  subtitauce  with  compara- 
tively alight  eflect  iu  either  direction  ou  the  yellow-blue  sub- 
stance, hence  uur  Hensutiuu  ul'  red.  Id  that  part  uf  the  apcctruin 
which  we  call  yellow  the  rays  effect  a  markcU  dissimilation  of 
tlie  yellow-blue  aubstauce  but  their  action  on  the  red-gref  n  sub- 
stance la  equal  iu  the  direction  of  both  assimiltuion  and  dissimt- 
lation,  hence  our  sensatioD  of  yellow.  The  green  rays,  again, 
promote  assimilation  of  the  red-greeu  substance,  leaving  the 
asaimilatiou  uf  the  yollow-blue  substance  equal  to  the  diasimila- 
tiou,  and  similarly  blue  rays  cause  assimilation  of  the  yellow- 
blue  substance,  and  leave  the  re4l-green  substance  neutral, 
Finally,  at  the  extreme  blue  end  of  the  spectrum,  the  rays  once 
more  provoke  dissimilation  of  the  red-green  substance.  When 
orange  rays  fall  on  the  retina,  there  is  an  excess  of  dissimilation 
of  both  the  red-green  and  the  yellow-blue  substance;  when 
greenish-blue  rays  are  perceived  there  is  an  excess  of  assimila- 
tion of  both  these  substances,  and  other  intermetliate  tints  cor- 
respond to  variable  amounts  of  dissimilation  or  assimilation  of 
two  or  more  of  these  substances. 

When  all  the  rays  together  fall  on  the  retina,  the  red-green 
and  yellow-blue  substance  remain  in  equilibrium,  but  the  white- 
black  substance  is  violently  disuimilated,  and  we  say  the  light  is 
white. 

Another  theory  (known  as  the  Young-TIelmhoItz  theory,  be- 
cause it  was  introduced  by  Young, and  more  fully  elaborated  by 
Helmholtz)  strives  to  reduce  the  matter  to  still  further  aimplicity. 
Starting  from  the  fact  mentioned  a  short  time  since,  that  all 
color  sensations,  including  the  sensation  of  while,  may  be  ob- 
tained by  the  appropriate  mixture  of  three  standard  sensations, 
this  theory  teaches  that  our  visual  apparatus  is  so  constitute*!  a», 
when  excited,  to  give  rise  to  three  primary  sensations,  and  that 
these  primary  sensations  are  called  forth  in  ditforont  degrees  by 
different  rays  of  light,  so  that  each  ray  gives  rise  to  a  different 
mixture  of  the  three.  Several  sets  of  three  such  primary  sensa- 
tions might  be  chosen,  which  wnuld  satisfy  the  conditions  of 
giving  rise,  by  appropriate  mixture,  to  alt  sensation  of  colur  in- 
cluding white;  but  for  reasons  into  which  we  cannot  enter  fully 
here,  the  sensations  which  may  thus  be  taken  as  primary  sensa- 
tions appear  to  correspond  to  our  sensations  of  red,  green,  and 
blue,  or  violet.  Such  a  view  of  three  primary  color  sensations  is 
represented  in  the  diagram  (Fig.  19C),  Thus,  the  red  primary 
sensation,  excited  to  a  certain  extent  by  the  rays  of  the  extreme 
red  end,  is  most  powerfully  affected  by  the  rays  at  a  little  dis- 
tance from  the  end,  the  rays  from  this  point  rmwards  towanlathe 
blue  end  producing  less  and  less  effect.  The  curve  of  the  green 
primary  sensation  begins  later  and  reaches  its  maximum  in  the 
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green  of  the  spectrum,  while  the  blue  or  violet  primary  seusation 
is  still  later  an<l  only  reaches  its  maximntn  towards  the  blue  end 
of  the  spectrum.  ICach  ray  calls  forth  each  sensutiou,  but  to  a 
different  degree,  and  the  Lulal  result  of  each  ray,  or  of  each  group 
of  rays,  is  determined  by  the  proportionate  amount  of  the  three 
sensations.  Tlius,  the  sensation  uf  orange  (  O  in  the  figure)  is 
brought  about  by  a  mixture  of  a  great  deal  of  the  primary  red 
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IllA(;nvM   or  TllUlir   PniM.Vltl    CoLnS   SEMIATiniiH. 
1  Utlin  dwralktl  "  rwl,"  2  "Kfiwu,"  ntwl  3  "Triolet"  jirlniiiry  culur  "onwtktTi      /f,  O,  >',  etc, 
rnprMMil  t)io  ml.  uruner,  yellow,  Hr.,  rulur  of  Xht^  fT|K<ctruia,  am]  the  tllafcnuii  shimF*,  l>,v  1li« 
bflxlil iir  iLi*  curro  tu  cc'-h  nut.  In  wliat  pxteiil  Die  «vr<'nl  ithnuiry  •otur  fr>umH*'Uit  nre  re- 
»l>?i:tiTrty  aidl«il  b;  vlUratiitni*  »r  tllfTrrvnl  wavvlrngthfl. 

with  much  less  of  the  primary  green,  and  hardly  any  of  the 
primary  blue;  the  orange  sensation  is  converted  into  a  yellow 
sensation  by  diminishing  the  primary  red  and  largely  increasing 
the  primary  green,  the  primary  blue  undergoing  also  some  slight 
increase.  And  aimilsrly  with  all  the  other  eensations.  When 
each  of  the  priniury  seiiiiiiLiouki  isexcilod  to  a  maximuin,  as  wheu 
ordinary  light  falls  on  the  retina,  the  result  is  a  sensation  of 
white.  According  to  this  theory,  black  is  simply  the  absence  of 
sensation  from  the  visual  apparatus. 

In  the  view,  as  originally  put  forward  by  Young,  the  three 
primary  sensations  were  supposed  tii  be  represented  by  three  sell 
of  fibres,  each  set  of  fibres  being  differently  affected  by  different 
rays  of  light,  and  the  impulses  passing  to  the  brain  along  each 
set  awakening  a  distinct  sensation.  !No  such  distinction  of  fibres 
can  be  found  in  the  retina;  but  an  anatomical  basis  of  this  kind 
is  not  necessary  for  the  theory ;  we  can  easily  conceive  of  the 
same  fibre  transmitting  three  distinct  kind^  of  impulses;  or  we 
may  suppose  that  the  visual  sul^tauces  are  three  in  number,  in- 
stead ot  six,  the  changes  in  each  substance  provoking  a  primary 
seiiBation. 
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Such  are  the  two  main  theoriee  of  color  vieloD ;  and  much  maj 
be  saM  in  favor  of  both  of  them  ;  nl  the  snmp  time,  hoih  of  them 
preaeul  many  difKcullies.  To  discuss  them  fuUVi  ia  a  task  beyoud 
the  limits  of  this  book,  and  to  discuiis  them  iu  auy  but  a  full 
manner  would  be  uusattafactory.  We  must  be  satisfied,  there- 
fore, with  the  foregoiug  simple  statemeut  of  the  two  views. 
Independently  of  any  theory^  however,  we  may  remember  (1) 
that  all  the  sensations  which  we  experience  under  the  action  of 
light  of  whatever  kind  may  be  reduced  to  six — while,  black,  red, 
yellow,  green,  and  blue;  and  (2)  that  these  may  be  all  repro- 
duced by  various  mixtures  of  three  standard  sensalions,  if  black 
be  allowed  to  indicate  the  absence  of  all  sensntiun.  These  are 
matters  of  fact :  what  is  at  present  debated  ia  whether  the  six 
fundamental  Hen^ntious  are  the  outcome  of  three  primary  sensa- 
tions, or  whether  they  represent  six  distinct  conditions  of  the 
visual  apparatus. 

Color  Blindness. — Persons  vary  much  in  their  power  of  ap- 
preciating and  discriminating  color — i.  p.,  in  the  mtensity  and 
accuracy  of  their  color  sensations;  and  some  people  regard  as 
similar,  colors  which  to  most  people  are  glaringly  distinct ;  these 
latter  are  said  to  be  "  color  blind."  The  most  common  form  of 
color  bliudnees  is  that  of  persons  unable  to  diatinguish  green  and 
red  from  each  other.  As  in  the  case  of  Dalton,  they  tell  a  red 
gown  lying  on  a  green  grass  plot,  or  a  rc<i  cherry  among  the 
green  leaves,  by  its  form,  and  not  by  its  color.  They  confound 
not  only  red,  green,  and  certain  forms  of  brown,  but  also  rose, 
purple,  and  blue.  Such  |>ersons  arc  often  apoken  of  aa  ''red 
olind."  On  the  Hering  theory  they  lack  the  red-green  visual 
substance;  hence,  all  the  color  sensations  they  possess  must  be 
those  of  yellow  and  blue  freed  from  all  mixture  of  red  or  green  ; 
and  such  accounts  as  have  been  given  of  their  sensations  by  those 
persons  who  are  *' red-lilind  "  in  one  eye,  but  possess  normal 
vision  with  the  other,  accord  with  this  conclusion.  On  the 
Young- Helmholtx  theory,  such  persons  lack  the  primary  red 
sensation;  and  hence  the  sensations  which  they  have  must  be 
mixtures  of  green  and  blue  alone,  our  yellow  appearing  to  tbem 
a  bright  green,  and  our  green-blue  a  kind  of  gray. 

All  such  red  blind  people  ought,  on  either  theory,  to  be  less 
affected  than  are  persons  with  normal  eyes,  by  the  red  end  of  the 
spectrum :  this  ought,  with  tliem,  to  be  shortened  and  obscure. 
In  a  certain  number  of  persons  who  confound  red  and  green,  this 
is  the  case;  but  in  some  instancefl  no  such  lack  of  appreciation 
of  the  red  end  of  the  spectrum  can  be  ascertained.  Such  caae^ 
have  been  supposed  to  be  greenblinil — that  is,  lacking  the  pri- 
mary sensation  of  green.    According  to  the  Ilering  theory,  green 


COLOR    SEKSATIOira. 


Bis 


k 


blindnesB,  apart  from  red  blindnefls  is  imponible,  the  only  two 
poeeible  color  defects  I)ciDg  red-green  and  hlue-vellow  biindnees. 
And  the  existence  of  distinct  green  blindness  has  been  held  to 
contradict  that  theory.  On  the  other  hand,  tbe  llering  theory 
admits  the  possibility  of  total  color  blindness- — i.  ^.'.,  the  inability 
to  see  anything  but  white  and  black;  and  this,  on  the  Young- 
Uelinholtz  theory,  is  im[K»^ible,  sincu  for  vision  to  oociat  at  all^ 
one  of  the  three  primary  sensations  must  be  present;  a  man  to 
see  at  all  must  see  things  in  various  shades  of  either  red,  or  of 
green,  or  of  violet,  though  he  may  confound  this  single-colored 
vision  with  the  normal  vision  of  white  of  different  intensities. 
But,  indeed,  a  full  examination  of  color  blindness  rather  in- 
creases than  diminishes  the  difficulties  of  deciding  between  tbe 
two  rival  theories. 

Influence  of  the  Pigment  of  the  Yellow  Spot. — In  the  macula 
lutea,  which  part  of  the  retina  we  use  chiefly  for  vision,  images 
falling  on  other  parts  of  the  retina  being  said  to  give  rise  to  "  in- 
direct vision,"  the  yellow  pigment  absorbs  some  of  the  greenish- 
blue  rays.  Hence,  the  seudaiion  which  we  receive  from  objects 
which  we  are  in  the  habit  of  calling  white,  is  that  which,  if  this 
pigment  were  absent,  wo  should  receive  from  objects  more  or 
less  yellow.  We  may  use  this  feature  of  the  yellow  spot  for  the 
purpose  of  making  the  spot,  so  to  speak,  visible  to  ourselves,  by 
an  experiment  suggested  by  Maxwell.  A  solution  of  chrome 
alum,  which  only  transmits  red  and  greenish-blue  rays,  is  held 
up  between  the  eye  and  a  white  cloud.  The  greenish-blue  rays 
are  absorbed  by  the  yellow  spot,  and  here  the  light  gives  rise  to 
a  sensation  of  red ;  whereas,  in  the  rest  of  the  field  of  vision  the 
sensation  is  that  ordinarily  produced  by  the  purplish  solution. 
The  yellow  sjxit  is  consequently  marked  out  as  a  rosy  patch. 
This  very  soon,  however,  dies  away. 

In  speaking  of  sensation  as  a  function  of  the  stimulus,  p.  613, 
we  referred  to  white  light  only;  but  the  diHerent  colors  are  un- 
equal in  the  relations  borne  by  the  intensity  of  the  stimulus  to 
the  amount  of  sensation  produced.  Thus,  the  more  refrangible 
blue  rays  produce  a  sensation  more  readily  than  the  yellow  or 
red  rays.  lience  in  dim  lights,  as  those  of  evening  and  moon- 
light, the  blues  preponderate,  and  the  reds  and  yellow  are  less 
obvious.  Hu  also  when  a  landscape  is  viewed  through  a  yellow 
glass,  the  yellow  hue  suggests  to  the  mind  bright  sunlight  and 
summer  weather,  although  the  actual  illtimination  which  reaches 
the  eye  is  diminished  by  the  glass.  Conversely,  when  the  same 
landscape  is  viewed  through  a  blue  glass,  the  idea  of  moonlight 
or  winter  is  sugeested. 

The  theory  ot  three  primary  color  sensations  may  be  used  to 
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explain  why  any  colored  light,  if  made  sufficiently  intense,  a 
pears  white.  Thus,  a  violet  light  ol'  moderate  intensity  appoAn 
violet  because  it  excites  the  primary  sensation  of  violet  much 
more  than  those  of  green  and  red.  If  the  stimulus  be  increased, 
the  maximum  of  violet  stimulation  will  be  reached,  while  the 
Btimulatlou  of  green  will  contiuue  to  be  increased^  and  even  that 
of  red  to  a  slight  degree.  The  result  will  be  that  the  light  ap- 
peare  violet  mixed  with  green — that  is,  blue.  W  the  stimulus  be 
atill.further  increased,  while  the  green  and  violet  are  both  ex- 
cited to  the  maximum,  the  red  stimulation  may  be  increase*.! 
until  the  result  is  violet,  green,  and  red  iu  the  proportions  which 
make  white  light.     And  so  with  light  of  other  colors. 

After-images. — We  have  already  Been  that  in  vision  the  sen* 
satiou  last^  much  longer  than  the  stimulus.  Under  certain  cir- 
cumstances, such  as  particular  conditions  of  the  eye,  an  intense 
stimulus,  etc.,  the  sensation  is  so  prolonged,  that  it^is  spoken  of 
as  au  ailer-image.  Thut^,  if  the  eye  be  directed  to  the  sun,  the 
image  of  that  body  is  present  for  a  long  while  after;  and  if,  on 
early  waking,  the  eye  be  directed  to  the  window  for  an  instant 
and  then  closed,  an  image  of  the  window  with  its  bright  nanea 
and  darker  sashes,  the  various  parts  being  of  the  same  color  as 
the  object,  will  remaiu  for  nu  appreciable  time.  These  imaeee, 
which  are  simply  continuations  of  the  sensation,  are  spoken  of  aa 
positive  ajier-imagm.  They  are  best  seen  after  a  momentaxy  ex- 
posure of  the  eye  to  the  stimulue. 

When,  however,  the  eye  has  been  for  some  time  subject  to  a 
stimulus,  the  sensation  which  follows  the  withdrawal  of  the 
stimulus  is  of  a  different  kind;  what  is  called  a  negative  after- 
image,  or  negativt;  ivxnge,  is  produced.  If,  after  looking  stead- 
fastly at  a  white  patch  on  a  black  ground,  the  eye  be  turned  to 
a  white  ground,  a  gray  patch  is  seen  for  some  little  time.  A 
black  patch  on  a  white  ground  similarly  gives  rise  on  a  gray 
ground  to  a  negative  image  in  the  form  of  a  white  patch.  This 
may  be  explained  as  the  result  of  exhaustion.  When  the  white 
patch  has  been  looked  at  steadily,  for  some  time,  that  part  of  the 
retina  on  which  the  image  of  the  patch  fell  becomes  tire<] ;  hence 
the  white  light,  coming  from  tfie  white  ground  8ul>8e<^ueully 
looked  at,  which  falls  on  this  part  of  the  retina,  does  not  produce 
so  much  sensation  as  in  other  parts  of  the  retina;  and  the  image, 
consequently,  appears  eray.  And  so,  in  the  other  instance,  we 
whole  of  the  retina  is  tired,  except  at  the  patch  ;  here  the  retina 
Ib  for  a  while  most  sensitive,  and  hence  the  white  negative  imag«. 

When  a  red  natch  is  looked  at,  the  negative  image  is  a  green- 
blue — that  is,  the  color  of  the  negative  image  is  complementary 
to  that  of  the  object.   Thus  also  orange  produces  a  blue,  green  a 
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pink,  yellow  an  indigo-blue,  negative  image ;  and  so  on.  This 
too  can  be  explained  as  a  result  nf  exhaustion  on  either  hypothti- 
816  of  color  vision.  When  the  colored  patch  is  looked  &t,  one  of 
the  three  primary  color  sensaiious  is  much  exhausted,  and  the 
other  two  less  so,  in  varving  proportions,  according  to  the  exact 
nature  of  the  color  of  the  patch;  and  the  less  exhausted  sensa- 
tions become  prominent  in  the  after-image.  Thus,  the  red  patch 
exhausts  the  red  sensation,  and  the  negative  image  is  made  up 
chiefly  of  greeu  and  blue  sensations — that  is,  appears  to  be 
greenish-blue,  or  bluish-green,  according  to  the  tint  of  the  red. 
On  the  other  hypothesis,  we  may  suppose  that,  owing  to  the  con- 
tinued effect  of  looking  at  the  red  patch,  dissimilation  of  the  red- 
green  substance  becomes  less  and  less,  leading  to  a  prominence 
and  indeed  to  an  actual  increase  of  the  process  of  assimilation  of' 
the  same  substance;  hence  the  sensation  of  green  dominating  in 
the  negative  image. 

Similarly,  when  the  eye,  after  looking  at  a  colored  patch,  is 
turned  to  a  colored  ground,  the  eflTects  may  easily  be  explained 
by  reference  to  the  comparative  exhauation  of  the  color  sensa- 
tions excited  by  the  patch  and  the  ground  respectively;  if  a 
yellow  ground  be  chosen  after  looking  at  a  green  object,  the 
negative  image  will  appear  of  a  reddish-yellow,  and  so  on. 

The  theory  of  three  primary  sensations  does  not  so  readily 
explain  why  negative  images  should  make  their  appearance  with- 
out any  subsequent  stimulation  of  the  retina.  When  the  eyes 
are  shut,  and  all  access  of  light,  even  through  the  eyelids,  care- 
fully avoided,  the  field  of  vision  is  not  absolutely  dark  ;  there  is 
still  a  sensation  of  light,  the  ao-ciilled  "proper  light"  of  the 
retina.  If  a  white  patch  on  a  black  ground  be  looked  at  for 
some  time,  and  the  eyes  then  shut,  a  negative  (black)  image  of 
the  spot  will  be  seen  on  the  ground  of  the  "proper  light"  of  the 
retina,  having  in  its  immediate  neighborhood  a  specially  bright 
corona.  80,  also,  if  a  window  be  Jooked  at,  aud  the  eyes  then 
closed,  the  positive  after-image  with  bright  panes  and  dark  sashes 
gives  rise  to  a  negative  after-image  with  bright  sashes  and  dark 
panes;  and  similar  effects  appear  with  colors.  These  and  similar 
facts  have  been  largely  usea  in  support  of  the  Hering  theory. 
When  the  eye  has  been  looking  at  red,  and  so  has  caused  dis- 
similation of  the  red  green  substance  mere  rest,  as  on  shutting 
the  eyes,  favors  assimilation  of  the  same  8ul>8tance,  and  thus 
leads  to  a  sensation  of  green.  Aud  the  rhythmic  oscillations 
from  one  color  to  its  correlative  and  back  again,  fre«:juenily  ob- 
served under  these  conditions  and  which  point  to  assimilation 
and  dissimilation  alternately  gaining  the  upper  hand,  are  not 
without  analogies  in  other  common  instances  of  protoplasmic 
metabolism. 
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Sec.  3. — Visual  Perceptions. 


HilhurU)  we  have  studied  seDsatii^ns  only,  nnd  have  caasidcred 
ED  external  object,  such  as  a  tree,  aa  simply  a  source  of  «>  ninDV 
distinct  sensations,  rlifferin^  from  each  other  in  intensity  and 
kind  (colter).  In  the  mind  these  Hcnsationa  are  coordinated  into 
a  perception.  We  are  not  only  ctmacioiis  of  a  number  of  sensa- 
tions of  briglit  aud  dim  lights,  of  green,  brown,  blacky  etc.,  but 
these  Bensationa  are  so  related  to  each  other  aud  by  virtue  of 
oerebral  processes  so  fashioned  into  a  whole,  that  we  *'see  a  tree." 
We  sometimes,  in  illustration  of  such  an  eHect,  si>cak  of  an  image 
or  picture  iu  the  mind  corresponding  to  the  physical  image  on 
the  retina. 

When  we  look  upon  the  external  world,  a  variety  of  images 
are  formed  at  the  same  time  on  the  retina,  and  give  rise  to  a 
number  of  contemporaneous  visual  sensations.  The  sum  of  these 
sensations  constitutes  "the  field  of  vision,"  which  varies,  of  course, 
with  every  movement  of  the  eye.  This  field  of  vision,  bein^r  in 
reality  an  aggregate  of  sensations,  is,  of  course,  a  subjective  mat- 
ter; but  we  are  m  the  habit  of  using  the  same  phrase  to  denote 
the  sum  of  external  objects  which  give  rise  to  the  aggregate  of 
visual  sensations;  in  common  language,  the  tield  of  vision  is 
"all  that  we  can  sec"  in  any  |H>aition  of  the  eye,  and  we  have  a 
6eld  of  vision  for  each  eye  separately  and  for  the  two  eyes  com- 
bined. 

Using  for  the  present  the  words  in  their  subjective  sense,  we 
may  remark  that  we  are  able  to  assigu  to  each  constituent  sensa- 
tion its  place  among  the  aggregate  of  sensations  constituting  the 
field  of  vision;  we  can,  as  we  say,  loctdize  the  sensation.  We 
can  say  whether  it  belongs  to  (what  we  regard  as)  the  right-hand 
or  lefl-hand,  the  upper  or  the  lower  part,  of  the  field  of  vision. 
We  are  able  to  distinguish  the  relative  r>oeitions  of  any  two  dis- 
tinct sensations;  and  the  relative  poeitiona,  together  with  the 
relative  intensities  and  qualities  (color)  of  the  sensations  arising 
frotn  any  object  determine  our  perception  of  the  object.  It  need 
hardly  be  remarked  that  this  localization  is  purely  subjective. 
We  simply  determine  the  poeitiou  of  the  gcnmiioti  in  the  field  of 
vision  (which  is  itself  a  wholly  subjective  matter);  we  do  not 
determine  the  position  of  the  object  The  connection  between 
the  position  of  the  object  iu  the  external  world  and  the  position 
of  tne  sensations  in  the  field  of  vision,  cannot  be  determiueil  by 
visual  observatiou  alone.  All  the  information  which  can  be 
gained  by  the  eye  is  limited  to  the  field  of  vision,  and  provided 
that  the  relative  position  of  the  sensations  in  the  field  of  vision 
remained  the  same,  the  actual  position  of  external  objects  might, 
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as  far  as  viaion  is  concerned,  be  changed  without  our  being  aware 
of  it. 

Aa  a  matter  of  fact,  the  field  of  vision  in  one  important  par- 
ticular does  not  correspond  to  the  tield  of  external  objects.  The 
image  on  the  retina  is  invertexl  ;  the  rays  of  light  proceeding 
irora  an  object  which  by  t^iuch  we  know  to  be  on  what  we  call 
our  right  bund,  fall  on  the  lelVhand  aide  of  the  retiua.  If  there- 
fore the  field  of  vision  corresponded  to  the  retinal  image,  the 
object  would  be  seen  on  the  letl  hand.  We  however  see  it  on 
the  right  hand,  because  we  invariably  associate  right-hand 
tactile  localization  with  lefl-hand  visual  localization;  that  is  to 
say,  our  field  of  vision,  when  interpreted  by  touch,  is  a  reinver- 
sion  of  the  retinal  image. 

The  dimensions  of  tne  field  of  viBion  of  a  single  eye  are  about 
145°  for  the  hori^^ntal  and  100°  for  the  vertical  meridian,  the 
former  being  distinctlv  greater  than  the  latter.  The  horizontal 
dimension  of  the  field  of  vision  for  the  two  eye*  is  about  180°. 
By  movements  of  the  eyes,  however,  even  apart  from  thwse  of  the 
head,  the  extent  may  be  considerably  increased. 

The  satisfactory  perception  of  external  objects  requires  distinct 
vision ;  and  of  this,  as  we  have  already  said,  the  formation  of  a 
distinct  image  on  the  retina  is  an  essential  condition.  We  can 
receive  visual  sensations  of  all  kinds  with  the  most  imperfect 
dioptric  apparatus,  but  our  perception  of  an  object  is  precise  in 
proportion  to  the  clearness  of  the  image  on  the  retina. 

Region  of  Distinct  Vision. — If  we  take  two  points,  such  as 
two  black  dots,  only  just  so  far  apart  that  they  can  be  seen  dis- 
tinctly as  two  when  placed  near  the  axis  of  vision^  and  then, 
keeping  the  axis  fixed,  move  the  two  points  out  into  the  circum- 
ferential parts  of  the  field  of  vision,  it  will  be  found  that  the  two 
soon  appear  as  one.  The  two  sensations  become  fused,  as  they 
would  do  if  brought  nearer  to  each  other  in  the  centre  of  the 
field.  The  further  away  from  the  centre  of  the  field,  the  further 
apart  must  two  points  be  in  order  tliat  they  may  be  seen  as  two. 
In  other  w(»rds,  vision  is  much  more  distinct  in  the  centre  of  the 
field  than  towards  the  circumference.  Practically  the  region  of 
distinct  vision  may  be  said  to  be  limited  to  the  macula  tutea,  or 
even  to  the  fovea  centralis;  by  continual  movements  of  the  eye 
we  are  constantly  briugiug  any  object  which  we  wish  to  see  in 
such  a  position  that  its  image  falls  on  this  region  of  the  retina. 

The  diminution  of  distinctness  does  not  take  place  equally 
from  the  centre  to  the  circumference  along  all  meridians.  The 
outline  described  by  a  line  uniting  the  points  where  two  spots 
cease  to  be  seen  as  two  when  moved  along  diticrent  radii  from 
the  centre,  ia  a  very  irregular  figure. 
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The  senBations  of  color  are  much  more  Histinct  in  the  centre 
of  the  retina,  than  towards  the  circumference.  If  the  visual  axis 
be  fixed  and  a  piece  of  colored  paper  be  moved  towards  the  out- 
side of  the  field  of  vitfiun.  the  color  undergoes  changed  and  -is 
eventually  lost,  red  disaofjeartDg  first,  and  blue  last,  the  object 
remaining  visible,  though  with  very  indistinct  outlines,  when  its 
color  cBu  be  no  longer  recognized.  A  purple  color  becomes 
blue,  and  a  rose  color  a  bluiah-white.  In  fact  there  seems  to  be 
a  certain  amount  of  red  blindness  in  the  peripheral  parts  of  the 
retinas. 

Modified  Perceptions. 

Since  our  perception  of  external  objects  is  baftod  on  the  dis- 
tinctness of  the  sensations  which  go  to  form  the  perception,  it 
might  be  expecteil  that  when  an  image  of  an  object  is  formed  on 
the  retina  the  sensory  impulses  would  correspond  to  the  retinal 
image,  the  sensations  corre8(x>nd  to  the  sensory  impulses  and  the 
perceptions  correspond  to  the  sensations,  and  that  therefore  the 
mental  condition  resulting  from  our  looking  at  any  object  or  view 
would  correspond  exactly  to  the  retinal  image.  We  find,  how- 
ever, that  this  is  not  the  case.  The  sensations  and  probably 
even  the  simple  sensory  impulses  produced  by  an  image  react 
upon  each  other,  and  these  reactions  modify  our  perceptions, 
independently  of  the  physical  conditions  of  the  retinal  image. 
There  arise  certain  discrepancies  l>etween  the  retinal  image  and 
the  perception,  some  having  their  source  in  the  retina,  some  in 
the  brain,  and  others  being  of  such  a  nature  that  it  is  difficult  to 
say  where  the  irrelevancy  is  introduced. 

Irradiation. — A  white  patch  on  a  dark  ground  appears  larger, 
and  a  dark  patch  on  a  wliite  ground  smaller,  than  it  really  ia. 
This  ia  esi>eeially  so  when  the  object  is  somewhat  out  of  focus, 
and  may.  in  this  case,  be  partly  explaiue<l  by  the  diffusion 
circles  which,  in  each  case,  encroach  Irora  the  white  upon  the 
dark.  But  over  and  beycmd  this,  any  sensation,  coming  from  a 
given  retinal  area,  occupies  a  larger  share  of  the  field  of  vision, 
when  the  rest  of  the  retina  and  central  visual  apparatus  are  at 
rest,  than  when  they  are  simultaneously  excited.  It  is  as  if  the 
neighboring,  either  retinal  or  cerebral,  structures  were  sympa- 
thetically thrown  into  action  at  the  same  time. 

Contrast — If  a  white  strip  be  placed  between  two  black  strips, 
the  edges  of  the  white  strip,  near  to  the  black,  will  appear  whiter 
than  ita  mcfiian  portion,  and  if  a  white  cmse  be  placed  on  m 
black  background,  the  centre  of  the  cross  wilt  appear  sometiinea 
so  dim,  compared  with  the  parts  close  to  the  black,  as  to  seem 
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shaded.  This  occurs  even  wheu  the  object  is  well  in  focus;  the 
increased  scnsatiou  of  light  which  causes  the  ap{>arcnt  greater 
whiteness  of  the  borders  of  the  cross  is  the  result  of  the  "  con- 
trast"  with  the  black  place<i  immediately  close  to  it.  Still  more 
curious  results  are  seen  with  colored  objects.  If  a  small  piece 
of  gray  jiaper  be  placed  on  a  sheet  of  green  paper,  and  both 
covered  with  a  sheet  of  thin  tissue  paper,  the  gray  paper  will 
appear  of  a  pink  color,  the  complementary  of  the  green.  This 
effect  of  contrast  is  far  less  striking,  or  even  wholly  absent, 
when  the  small  piece  of  paper  is  white  instead  of  gray,  and  gen- 
erally disappears  when  the  thin  covering  of  tissue  paper  is  re- 
moved. It  also  vanitihes  if  a  bold  broail  black  line  be  drawn 
round  the  small  piece  of  paper,  so  as  t«(  isolate  it  from  the 
ground  color.  If  a  book  or  pencil  bo  placed  vertically  on  a 
sheet  of  white  pa[>er,  and  illuminated  on  one  side  by  the  sun, 
and  on  the  other  by  a  candle,  two  shadows  will  b«  (»ro<luc«'d,  one 
from  the  sun,  which  will  Ik^  illuminatLMi  by  the  yellowisli  light  of 
the  candle,  and  the  other  from  the  candle,  which  will  in  turn  be 
illuminated  by  the  white  light  of  the  sun.  The  former  naturally 
appears  yellow,  the  latter,  however,  appears  not  white  but  blue; 
it  assumes,  by  contrast,  a  color  complementary  to  that  of  the 
04indle-light  which  surrounds  it.  If  the  candle  be  removed,  or 
its  light  shut  off  by  a  screen,  the  blue  tint  disappears,  but  returns 
when  the  candle  is  again  allowed  to  produce  its  sliadow.  If, 
before  the  candle  is  brought  back,  a  vision  l>e  directed  through 
a  narrow  blackened  tuln;  at  some  part  falling  entirely  within 
the  area  of  what  will  bo  the  candle's  shadow,  the  area,  which  in 
the  absence  of  the  candle  appears  white,  will  continue  to  appear 
white  when  the  candle  is  made  to  cost  its  shadow,  and  it  is  not 
until  the  direction  of  the  tube  is  chuoged  so  as  to  cover  part  of 
the  ground  outside  the  shadow,  as  well  as  part  of  the  siiadow, 
that  the  latter  assumes  its  blue  tint. 
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Filling  up  the  Blind  Spot. — Though,  as  we  have  seen,  that 
part  of  the  retina  which  corresponds  to  the  entrance  of  the  optic 
nerve  is  quite  insensible  to  light,  we  are  conscious  of  no  blank 
in  the  field  of  vision.  When  in  looking  at  a  page  of  print  we 
fix  the  visual  axis  so  that  some  of  the  print  must  fall  on  the 
blind  spot,  no  gap  is  perceived.  We  could  not  expect  to  see  a 
black  patch,  because  what  we  call  black  is  the  absence  of  the 
Bensation  of  light  from  structures  which  are  sensitive  to  light; 
we  must  have  visual  organs  to  see  black.  But  there  are  no 
visual  organs  in  the  blind  spot,  and  consequently  we  are  in  no 
vxiy  at  OM  affected  by  the  rays  of  light  which  fall  on  it.  There 
is  in  our  subjective  field  of  vision  no  gap  corresponding  to  the 
gap  in  the  retinal  image.     We  refer  the  sensations  coming  from 
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two  jKiintfi  of  the  retina  lying  on  oppoeite  margins  of  the  blin* 
Etput  to  Lwo  points  lying  cluse  together,  since  we  have  no  indication 
of  the  apace  which  separates  them.  Concerning  the  efl'ecU  which 
are  produced  when  an  object  in  the  field  of  view  paases  into  the 
region  of  the  hiind  spot  there  has  been  nanch  dtBcutiaion.  In 
ordinary  vision,  of  course,  the  exiBtence  of  the  blind  spot  is  of 
little  moment  since  it  is  outside  the  region  used  for  diatinct 
vision,  and  besides  the  image  of  an  object  does  not  fall  on  the 
bliiiil  spots  of  both  eyes  at  the  same  time. 

Ocular  Spectra. — So  far  from  our  perceptions  exactly  corre- 
sponding to  the  arrangementa  of  the  luminous  rays  which  fall 
on  the  rcliaa,  we  may  liave  visual  sensations  and  perceptions  io 
the  entire  absence  of  light.  Any  stimulation  of  the  retina  or  of 
the  optic  nerve  sufficiently  intense  will  give  rise  to  a  visual  sen- 
sation. Gradual  pressure  on  the  eyeball  causes  u  seneutiou  of 
rings  of  colored  light,  the  so-called  phosphenes;  a  sudden  blow 
on  the  eye  causes  a  sensation  of  flashes  of  light,  and  the  seeming 
identity  of  the  visual  sensntioiiB  so  brought  abfiut  with  visual 
sensations  produced  by  light  is  welt  illustrated  by  the  statement 
once  gravely  made  in  a  (ierman  court  of  law,  by  a  witness  who 
asserted  that  on  a  pitch  dark  night  he  recognized  an  assailant 
by  help  of  the  flash  of  light  caused  by  the  aissailaut's  hand 
coming  in  violent  contact  with  his  eye.  Klectrical  stimulation 
of  the  eye  or  optic  uerve  will  also  give  rise  to  visual  sensations. 

The  sensations  which  may  arise  without  any  light  falling  on 
the  retina  need  not  necessarily  be  undefined  ;  on  the  contrary 
they  may  be  luasl  clearly  deliued.  Cumplex  and  coherent  visual 
images  or  perceptions  may  arise  in  the  brain  without  any  cor- 
rcspoudiijg  objective  luminous  cause.  These  so-called  ocular 
spectra  or  phantoms,  which  are  the  result  of  an  intrinsic  stimu- 
lation of  some  [probably  cerebral)  part  of  the  visual  apparatus, 
have  a  distinctness  which  gives  them  nn  apparent  objective 
reality  quite  as  striking  as  that  of  ordinary  visual  perceptions. 
They  may  occasionally  be  seen  with  the  eyes  open  (and  there- 
fore while  ordinary  visual  perceptions  are  being  generated)  as 
well  as  when  the  eyes  are  ck>se<l.  They  sometimes  become  so 
frequent  and  obtrusive  as  to  be  distressing,  and  form  an  important 
element  in  some  kinds  of  delirium,  such  as  delirium  tremens. 

Appreciation  of  Apparent  Size. — By  the  eye  alone  we  can  only 
estimate  the  apparent  size  of  an  object,  we  can  only  tell  what 
space  it  takes  in  the  field  of  vision,  we  can  only  perceive  the 
dimensions  of  the  retinal  image,  and  therefore  have  a  right  only 
to  8[>oak  of  the  angle  which  the  diameter  of  the  object  subtends. 
The  real  size  of  an  object  must  be  determined  by  other  means. 
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But  our  perception  of  even  the  apparent  size  of  an  object  ia  so 
modified  by  concurrent  circumstauces  that  in  many  cages  it  can- 
not be  relied  on.  The  apparent  size  of  the  moon  must  be  the 
Bame  to  every  eye,  and  yet  while  some  persons  will  be  found 
ready  to  compare  the  moon  in  mid  heavens  with  a  threepenny 
piece,  others  will  liken  it  to  a  cart-wheel ;  that  is  to  say,  the 
angle  subtenderi  hy  the  moon  seems  I*)  the  one  to  be  about  equal 
to  that  subtended  by  a  threepenny  piece  held  at  the  distance 
from  the  eye  at  which  it  is  most  commonly  looked  at,  and  to  the 
other  about  equal  to  that  subtended  by  a  cart-wheel  similarly 
viewed  at  the  distance  at  wliich  it  is  nuwt  commonly  lookeil  at. 
If  a  line,  such  as  A  C,  Fig.  197,  be  divided  into  two  eijual  parts. 
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A  Bf  B  C,  and  A  B  be  divided  by  distinct  marks  into  several 
parts,  ns  is  shown  in  the  figure,  while  B  C'is  left  entire,  the  dis- 
tance ^  ^i  will  always  appear  j^reater  than  C  B,  So, also,  if  two 
equal  squares  be  marked,  one  with  horizontal  and  the  other  with 
vertical  alternate  dark  and  light  bands,  the  former  will  appear 
higher,  and  the  latter  broader,  than  it  really  ia.  Hence,  snort 
persons  affect  dresses  horizontally  striped  in  order  t*>  increase 
their  apparent  height,  and  %'ery  sUjut  [terpons  avoid  lungitudinal 
Btri|)es.  Two  perfectly  parallel  lines  or  bands,  each  of  which  ia 
crossed  by  slanting  parallel  short  lines,  will  appear  not  parallel, 
but  diverging  or  converging,  according  to  the  direction  of  the 
cross-lines. 

Again,  when  a  short  person  is  placed  side  by  side  with  a  tall 
person,  the  former  appears  shorter  and  the  latter  taller  than  each 
really  is.  The  moon  on  the  horizon  appears  larger  than  when  at 
the  zenith,  because  in  the  first  position  it  can  be  most  easily 
compared  with  terrestrial  objects.  The  absence  of  comparison 
may,  however,  contribute  to  an  opposite  effect,  as  when  a  person 
looks  larger  in  a  fog;  being  seen  indistinctly,  he  is  judged  to  be 
further  off  than  he  really  is,  and  so  appejirs  larger  than  he  natu- 
rally would  do  at  the  distance  at  which  he  is  supposed  to  he. 
So,  conversely,  distant  mountains  when  seen  distinctly  in  a  cle^ir 
atmosphere  appear  small,  because  on  account  of  their  distinct- 
ness they  are  judged  to  be  nearer  than  they  really  are.  Indeed, 
our  daily  life  is  full  of  instances  in  which  our  direct  perception 
is  modified  by  circumstauoes.  Among  those  circumstances  pre- 
vious experience  is  one  of  the  most  potent,  and  thus  simple  per- 
ceptions become  mingled  with  what  are  in  reality  judgments, 
though  frequently  made  unconsciously.     But  this  intrusion  of 


SIGHT. 

pAst  experience  into  present  pereeptiona  and  sensations  ib  moet 
obvious  in  binocular  vision,  to  which  we  now  turn. 


Sec.  4. — Bixocular  Vibion. 
Corresponds^  or  Identical  Points* 

Though  we  have  two  eyep,  and  must  therefore  receive  from 
every  object  two  seta  of  sensations,  our  perception  of  any  object 
is,  under  ordinary  circumstances,  a  single  one ;  we  see  one  object, 
not  two.  By  putting  either  eye  into  an  unusual  position,  as  by 
squinting,  we  can  render  the  perception  double;  we  see  two 
objects  where  only  one  exists.  From  which  it  is  evident  that 
singleness  of  perception  depends  on  the  image  of  the  object  fall- 
ing on  certain  parts  of  each  retina  at  the  same  time,  these  parts 
being  so  related  to  each  other,  that  the  sensations  from  each  are 
blended  into  one  perceutiou ;  and  it  is  also  evident  that  the 
movements  of  the  eyeballs  are  adapted  to  bring  the  image  of  the 
object  to  fall  on  these  "corresponding"  or  "identical"  parts,  as 
they  are  called,  of  each  retina. 

When  we  look  at  an  object  with  one  eye,  the  visual  axis  ^ 
that  eye  is  directed  to  the  object;  and  when  we  use  two  eyes,  the 
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visual  axes  of  the  two  eyes  converge  at  the  object,  the  eyeluills 
moving  accordingly.    The  oorreflj>onding  points  of  the  two  retioaa 
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are  those  on  which  the  two  images  of  the  object  fall  when  the 
visual  axes  converge  at  the  object.  Thus  in  Fig.  198»  if  Cc,  Cb, 
be  the  two  visual  axes,  c,  c,  being  the  centres  of  the  fovea;  cen- 
trales of  the  two  eyes,  then,  the  object  ACB  being  seen  single, 
the  point  a  on  the  one  retina  will  "  correspond  "  to  or  bo  "  iden- 
tical" with  the  point  a,  on  the  "other,  and  the  point  b  in  the  one 
to  the  point  6,  in  the  other.  Hence  a  point  lying  anywhere  on 
the  rignt  side  of  one  retina  hiis  its  corresponding  point  on  the 
right  side  of  the  other  retina,  and  the  points  on  the  left  of  one 
correspond  with  thoee  on  the  left  of  the  other.  Thus,  while  the 
upper  half  of  the  retina  of  the  left  eye  corresponds  to  the  upper 
half  of  the  retina  of  the  right  eye,  and  the  lower  to  the  lower, 
the  na^al  side  of  the  left  eye  corre8|>ond8  with  the  malar  side  of 
the  right,  and  the  inalar  of  the  left  with  the  viasal  side  of  the 
right. 

The  blending  of  the  two  sensations  into  one  only  occurs  when 
the  two  images  of  an  object  fall  on  these  corresponding  points  of 
the  two  retinas.  Hence  it  is  obvious  that  iu  single  vision  with 
two  eyes  the  ordinarv  movements  uf  the  eyeballs  munt  be  such 
ae  to  bring  the  visual  axes  to  converge  at  the  object  so  that  the 
two  images  may  fall  on  correspondiug  ]xunt8.  When  the  visual 
axes  do  not  so  converge,  and  when,  therefore,  the  images  do  not 
fall  on  corresponding  points,  the  two  sensations  are  not  blended 
into  one  perception  and  vision  becomes  double. 


MovemenU  of  the  Eyeballs, 

The  eye  is  virtually  a  ball  placed  in  a  socket,  the  bulb  and  the 
orbit  forming  a  ball-and-socket  joint.  In  its  Hocket-joiut  thb  optic 
ball  is  capable  of  a  variety  of  movements,  but  it  cannot  by  any 
voluntary  elfort  be  moved  out  of  its  socket.  It  is  staled  that  by 
a  very  forcible  opening  of  the  eyelids  the  eyeball  may  be  slightly 
protruded ;  but  this  trilling  locomotion  may  be  neglected.  By 
disease,  however,  the  position  of  the  eyeball  iu  the  socket  may 
be  materially  changed. 

Each  eyeball  is  capable  of  rotating  round  an  immobile  centre 
of  rotation,  which  has  been  found  to  be  placed  a  little  (1.77  mm.) 
behind  the  centre  of  the  eye;  but  the  movements  of  the  eye 
round  the  centre  are  limited  in  a  peculiar  way.  The  ahoulder- 
joint  is  also  a  ball-and-socket  joint;  and  we  know  that  we  can 
not  only  move  the  arm  up  and  down  round  a  horizontal  axis 
passing  through  the  centre  of  rotation  of  the  head  of  the  humerus, 
and  from  side  to  side  rouud  a  vertical  axis,  but  we  can  also  rotate 
it  round  its  own  longitudinal  axis.     When,  however,  we  come  to 
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examine  closely  the  movements  of  the  ereball,  we  find  that 
though  we  can  luove  it  up  aud  down  round  a  horizontal  axis,  sus 
when  with  fixed  head  we  direct  our  vision  to  the  heavens  or  lo 
the  ground,  and  from  side  to  side,  as  when  we  htok  to  left  or 
right,  and  though  by  corabiuiitg  these  two  movements  we  can 
give  the  eyeball  a  variety  of  inclinations,  we  cannot,  by  a  volun- 
tary edbrt,  rulate  the  eyeball  round  its  longitudinal  visual  axis. 
The  arrangement  of  the  muscles  of  the  eyeball  will  permit  of 
such  a  movement,  but  we  cannot  by  any  direct  effort  of  will 
bring  it  about  by  itself.  In  certain  movements  of  the  eye,  rota- 
tion of  the  eyeball  does  take  place;  and  by  bringing  about  these 
movements,  we  can  indirectly  cause  rotation;  but  we  cannot 
rotate  the  eyeball,  except  thus  indirectly  as  a  part  of  these  move- 
ments. 

If,  when  vision  ia  directed  to  any  object,  the  head  be  moved 
from  side  to  side,  the  eyes  do  not  move  with  it ;  they  appear  to 
remain  stationary,  very  much  as  the  needle  of  a  ship's  compass 
remains  stationary  when  the  head  of  the  ship  is  turned.  The 
change  in  the  position  of  the  visual  axes  to  which  the  movement 
of  the  head  would  naturally  give  rise  is  met  by  compensating 
movements  of  the  eyeballs;  were  it  not  so,  steadiness  of  vision 
would  be  impossible. 

There  is  one  position  of  the  eyea  which  has  been  called  the 
primary  position.  It  corresponds  to  that  which  may  be  attained 
by  looking  at  the  distant  horizon  whU  the  head  vertical  and  the 
body  upright;  hut  its  exact  determination  retjuires  special  pre- 
cautions. The  visual  axes  arc  then  parallel  to  each  other  and 
to  the  median  plane  of  the  head.  All  other  positions  of  the  eyes 
are  called  eecondarif  positionJt. 

Muscles  of  the  Eyeball. — The  eyeball  is  moved  by  six  niusclea, 
the  rerii  inferMr,  mperior,  int^frniM,  and  extenius^  and  the  obliqui 
itij'erior  and  superior.  It  is  found  by  calculation  from  the  attach- 
ments and  directions  of  the  muscles,  and  contirmed  by  actual 
observation,  that  the  six  muscles  may  be  conttidered  as  three 
pairs,  each  pair  rotating  the  eye  round  a  particular  axis.  The 
relative  attachments  and  the  axes  of  rotation  arediagrammatically 
shown  in  Fig.  U>y.  The  rectus  superior  and  the  rectus  inferior 
rotiite  the  eye  round  a  horizontal  axis,  which  is  directed  from 
the  upi>er  end  of  the  uoee  to  the  temple;  the  obliquus  superior 
and  obliquus  inferior  round  a  horizf)ntal  axis  directeil  from  the 
centre  of  the  eyeball  to  the  occiput ;  ami  the  rectus  internus  and 
rectus  externus  round  a  vertical  axis  (which,  being  at  right 
augles  to  the  plane  uf  the  paper,  cannot  be  shown  in  the  dia- 
gram), passing  through  the  centre  of  rotation  of  tho  eyeball 
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parallel  to  the  median  plane  of  the  head  when  the  head  is 
vertical.  Thus,  the  latter  pair  actinjj  alane  would  turn  the  eye 
from  aide  to  side,  the  other  straight  pair  aeting  alone  would 
move  the  eye  up  and  down,  while  the  oblique  muscles  acting 
alone  would  give  the  eye  an  oblique  movement.  The  rectus  ex- 
ternus  acting  alone  would  turn  the  eye  to  the  malar  side,  the 
interoua  to  the  na«al  side,  the  rectus  superior  upwards,  the  rectus 
inferior  downwards,  the  oblique  superior  downwards  and  out- 
wards, and  the  inferior  upwards  and  outwards.  The  recti  superior 
and  inferior  in  moving  the  eye  up  and  down  also  turn  it  some- 
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what  inward  and,  at  the  same  tirnc^  give  it  a  slight  amount  of 
rotation;  but  this  is  corrected  ii'  the  oblique  muscles  act  at  the 
same  time;  and  it  is  found  that  the  rectus  superior  acting  with 
the  obliquus  inferior  moves  the  eye  upwards,  and  the  rectus  in- 
ferior with  the  obliquus  superior  downwards  in  a  vertical  direc- 
tion. In  oblique  movements  also,  the  obliqui  are  always  asso- 
ciated with  the  recti.  Ileace  the  various  movements  of  the 
eyeball  may  be  arranged  as  follows: 
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Elevation. 
Depregston. 
AdduclioD  to 

ntmul  aide. 
Adduction  to 

mular  side. 
Elevation  wilb 

jiddiiation. 

Depi'e»aiou 
with  adduction. 
Elevation  with 

abductiuii. 

Deprewion 
with  abduction. 


RftctUJi  superior  and  nhliqutis  inferior. 
Rectus  inferhiraiid  obliquus  superior. 

Rectus  internus. 

Kectua  externiu, 

R(><.'tti.<<  superior  and  intemus  with  obUquus  In- 
ferior. 

Rectus  inferior  and  int«mus  with  obliquua  su- 
perior. 

Rcctu."-  5U|wrior  and  extcrnus  with  obliquus 
infttrior. 

RcctUR  inferior  and  externuB  with  obliquus  su- 
perior. 


Coordination  of  Visual  Movements. — Thus,  even  in  the  move- 
ments of  a  single  eye,  a  considerable  amount  of  coordination  takes 
place.  When  the  eye  is  moved  in  any  other  than  the  vertical 
and  honzontal  meridians,  impulses  must  descend  to  at  least  three 
muscles,  and  in  such  relative  energy  to  each  of  the  three  as  to 
produce  the  required  incliuatlou  utthe  visual  axis.  But  the  co- 
ordination ol>served  in  binocular  vision  is  more  striking  still.  If 
the  movements  of  any  person's  eyes  be  watched,  it  will  be  seen 
that  the  two  eyes  move  alike.  If  the  right  eye  moves  to  the 
right,  so  does  also  the  leil;  and,  if  the  object  looked  at  be  a  dis- 
tant one,  exactly  to  the  same  extent ;  if  the  right  eye  looks  up, 
the  left  eye  looks  up  also,  and  so  in  every  other  directi<m.  Very 
few  persons  are  able  by  a  direct  effort  of  the  will  to  move  one 
eye  independently  of  the  other;  though  some,  and  among  them 
one  distinguished  both  as  a  physiologist  and  an  oculist,  have 
acquired  this  power  In  fact,  the  movements  of  the  two  eyes  are 
so  arranged  that  in  the  various  movements  the  images  of  any 
object  should  fall  on  the  correHpouding  points  of  the  two  retinas, 
and  that  thus  single  vision  should  result.  We  cannot  by  any 
direct  effort  of  our  will  place  our  eyes  in  such  a  position  that  the 
rays  of  light  proceeding  from  any  object  shall  be  brought  to  a 
focus  on  parts  of  the  two  retinas  which  do  not  correspond,  and 
thus  give  rise  to  two  distinct  visual  images.  We  can  bring  the 
visualaxes  of  the  two  eyes  from  a  condition  of  parallelism  to  one 
of  great  convergence,  but  we  cannot,  without  special  assistance, 
bring  them  from  a  condition  of  parallelism  to  one  of  divergence. 
The  stereoscope  will  enable  us  to  create  a  divergence.  If  in  a 
stereoscopic  picture  the  distance  between  the  pictures  be  increased 
very  gradually  s<*  as  carefully  to  maintain  the  impression  of  a 
single  object,  the  visual  axes  may  be  brought  to  diverge.  Simi- 
larly, if  a  distant  object  be  looked  at  with  a  prism  before  one  eye, 
and  the  image  of  the  object  be  kept  carefully  single,  while  Uie 
prism  is  turned  very  slowly  up  or  down,  then  on  suddenly  re- 
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moving  the  prism  a  double  image  is  for  a  moment  seen  ;  showing 
that  the  eye  before  which  the  prism  was  placed  had  moved  in 
disaccordance  with  the  other.  The  double  image,  however,  in  a 
few  seconds  afler  the  removal  of  the  prism  becomes  single,  on 
account  of  the  eyes  coming  into  accordance. 

It  is  only  when  loss  of  coordination  occurs,  as  in  various  dis- 
eases and  in  alcoholic  or  other  {>oi&ouing,  that  the  movemeuts  of 
the  two  eyes  cease  to  agree  with  each  other.  It  is  evident,  then, 
that  when  we  look  at  an  object  to  the  right,  since  we  thereby 
abduct  the  right  eye  and  adduct  the  left,  we  throw  into  action 
the  rectus  extemus  of  the  right  eye  and  the  rectus  internus  of 
the  left ;  and,  similarly,  when  we  look  to  the  left  we  use  the  rectus 
extemus  of  the  left  and  the  rectus  internus  of  the  right  eye.  On 
the  other  hand,  when  we  look  at  a  near  object,  and,  therefore, 
converge  the  visual  axes,  we  use  the  recti  interni  of  both  eyes; 
and  when  we  look  at  a  distant  object,  and  bring  the  axes  from 
convergence  towards?  parallelism,  we  use  the  recti  externi  of  both 
eyes.  In  the  various  movemeuts  of  the  eye  there  is,  therefore, 
so  to  apeak,  the  most  delicate  picking  and  choosint;  of  the  mus- 
cular instruments.  Bearing  this  in  miud,  it  cannot  be  wondered 
at  that  the  various  movemeuUj  of  the  eye  are  de|>endeut  for  their 
causation  on  visual  sensations.  In  order  to  move  our  eyes,  we 
must  either  look  at  or  for  an  object ;  when  we  wish  to  converge 
our  axes,  we  look  at  some  near  object,  real  or  imfly;iDary,  and  the 
convergence  of  the  axes  is  usually  accompanied  by  all  the  con- 
ditions of  near  vision,  such  as  increased  accommodation  and 
contraction  of  the  pupil.  And  so  with  other  movements.  The 
close  association  of  the  movements  of  the  eye  may  be  illustrated 
by  the  following  cAse.  Suppose  the  eyes,  to  start  with,  directed 
for  the  far  distance,  and  that  it  is  desired  to  direct  attention  to  a 
nearer  point  lying  in  the  visual  line  of  the  right  eye.  In  this 
case  no  movement  of  the  right  eye  is  reijulred  ;  all  that  is  neces- 
sary is  for  the  left  eye  to  be  turned  to  the  right — that  is,  for  the 
rectus  internus  of  the  left  eye  to  be  thrown  into  action.  But  in 
ordinary  movements  the  contraction  of  this  muscle  is  always 
associated  with  either  the  rectus  externus  of  the  right  eye,  as 
when  both  eyes  are  turned  to  the  right,  or  the  rectus  internus  of^ 
that  eye,  as  in  convergence;  the  muscle  is  qmUh  unaccustomed 
to  act  alone.  This  would  lead  us  to  suppose  that  in  the  case  in 
question  the  contraction  of  the  rectus  internus  of  the  left  eye  ia 
accompanied  by  a  contraction  of  both  recti  externus  and  internus 
of  the  right  eye,  keeping  that  eye  in  lateral  equilibrium.  And 
the  peculiar  oscillating  movements  seen  in  the  right  eye,  as  well 
as  the  sense  of  efforts  in  the  right  eye  which  is  felt  by  the  person, 
show  this  to  be  the  case. 

Sach  a  complex  coordination  requires  for  its  carrying  out  s 
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distiDct  nervous  machinery ;  and  we  have  reasons  for  thinking 
that  Bucb  a  mschinery  exigtB  in  certain  parts  of  the  corpora 
quadrigemina  or  in  the  underlying  structurea.  In  the  nate«, 
toere  appears  tu  be  a  cotmuuu  centre  fur  both  eyes,  Btimulation 
of  the  right  side  producing  niovemeuta  of  both  eyes  to  the  left, 
of  the  left  side  movements  to  the  right;  wliile  stimulation  in  the 
middle  line  behind  causes  a  downward  movement  of  both  eyes 
with  convergence  of  the  axes,  and  in  the  front  an  upward  move- 
ment with  return  to  paralleliem,  both  accompanied  by  the 
naturally  associated  movements  of  the  pupil.  Stimulation  of 
various  jmrts  of  the  nates  causes  various  movements,  depending 
on  the  position  of  the  spot  stimulated.  After  an  incision  in  the 
middle  line,  stimulation  of  the  nervous  centre  on  one  side  pro- 
duces movements  in  the  eye  of  the  same  side  only. 


The  Horopter, 

When  we  look  at  any  object  we  direct  to  it  the  visual  axes,  so 
that  when  the  object  is  small,  the  "corresponding"  parts  of  the 
two  retinas,  on  which  the  two  images  of  the  olyect  tall,  lie  in 
their  respective  fovece  centrales.     But  while  we  are  looking  at 
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the  particular  object,  tho  itoages  of  other  objects  surrounding  it 
fall  on  the  retina  surrounding  the  fovea,  and  thus  go  to  form 
what  is  called  indirect  vision.  And  it  is  obviously  of  advantage 
that  these  images  also  should  fall  on  ** corresponding*' parts  in 
the  two  eyes.    Now  for  any  given  position  of  the  eyes  there  exists 
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in  the  field  of  visiou  a  cerUiio  line  or  surface  of  such  a  kind  that 
the  images  of  the  jJoiDts  in  it  all  fall  on  correspoiuling  points  of, 
the  retina.  A  line  or  surface  having  thiti  properly  is  called  &i 
Horopter.  The  horopter  is,  in  fact,  the  aggregate  (ff  all  those 
points  in  space  which  are  projected  on  to  corresponding  points 
of  the  retina;  hence  its  det^Tmination  in  any  particular  case  is 
simply  a  matter  of  geonietricul  calculation.  In  some  instances 
it  becomes  a  very  comi>licated  figure.  The  case  whoi^j  features 
are  most  easily  grasped  is  a  circle  drawn  in  the  plane  of  the  twu 
visual  axes  through  the  point  of  the  convergence  of  the  axes 
and  the  optic  centres  of  the  two  eyes.  It  is  obvious  from  geo- 
metrical relations  that  in  Fig,  200  the  images  of  any  point  in 
the  circle  will  fall  on  corresponding  points  of  the  two  retinas. 
When  we  stand  upright  ana  look  at  the  distant  horizon,  the 
horopter  is  (approximately,  for  normal  emmetropic  eyes)  a  plane 
drawn  through  our  feet — that  is  to  say,  is  the  ground  on  which 
we  stand ;  the  advantage  of  this  ia  obvious. 


8bo.  5. — Visual  JtiixiiiENTH, 


BinoL'ular  vision  is  of  use  to  us  inasmuch  as  one  eye  is  able 
to  fill  up  the  ga|>s  and  imperfections  of  the  other.  For  example, 
over  and  above  the  monocular  filling  up  of  the  blind  spot,  of 
which  we  spoke  in  page  H31,  since  the  two  bliml  spota  of  the  two 
eyes,  being  each  un  the  nasal  side,  are  not  "  curreaponiling"  parts, 
the  one  eye  supplies  that  part  of  the  field  of  vision  which  is 
lacking  in  the  other.  And  other  imperfections  are  similarly 
made  good.  But  the  great  use  of  binocular  vision  b  to  atlbrd 
us  means  of  forming  visual  judgments  concerning  the  form,  size, 
and  distance  of  objects. 

Judginent  of  Distance  and  Size. — The  perceptions  which  we 
gain  simply  and  bolely  by  our  field  of  vision^  concern  two  dimen- 
sions only.  We  can  beoome  aware  of  the  apparent  size  of  any 
part  of  the  field  corresponding  to  any  particular  object,  and  of 
Its  topographical  relations  to  the  rest  of  the  field,  but  no  more. 
Had  we  nothing  more  to  depend  on,  our  sight  would  be  almost 
valueless  as  far  as  any  exact  information  of  the  external  world 
was  concerned.  By  association  of  the  visual  sensations  with 
sensations  of  touch,  and  with  sensations  derived  from  the  move- 
ments of  the  eyeballs  required  to  make  any  such  part  of  the  field 
as  corresponds  to  a  particular  object  distinct,  we  are  led  to  form 
judgments — i.  e.,  to  draw  conclusions  concerning  the  external 
world  by  means  of  an  interpretation  of  our  visual  perceptions. 
Looking  before  ub,  we  say  we  see  a  certain  object  of  a  certain 
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color  nearly  in  front  of  us,  or  much  on  our  right  hand  or  much 
on  our  left ;  that  is  to  say,  we  judge  such  an  object  lo  be  in  such 
a  poeition  because  from  the  constitution  of  our  brain,  strengthened 
by  all  our  experience,  we  associate  such  a  part  of  our  field  of 
vision  with  such  an  object.  The  subjective  visual  complex  sen- 
sation or  perception  is  to  UB  a  symbol  ulthe  external  object. 

Even  with  one  eye  we  can.  lo  a  certain  extent,  form  a  judg- 
ment, not  only  as  to  the  position  of  the  object  in  a  plane  at  rij^t 
angles  to  our  visual  axis,  but  also  as  to  its  distance  from  us  along 
the  visual  axis.  If  the  object  is  near  to  us,  we  have  to  accommo- 
date for  near  vision  ;  if  far  from  us,  to  relax  our  nccommodation 
mechanigm  so  that  the  eye  becomes  adjusted  for  distance.  The 
muscular  sense  (of  which  we  shall  speaK  presently)  of  this  effort 
enables  us  to  form  a  judgment  whether  the  object  is  far  or  near. 
Seeing  the  narrow  range  of  our  accommodation,  and  the  slight 
muscular  effort  which  it  entailH,  all  monocular  judgments  of  dis- 
tance must  be  subject  to  much  error.  Everyone  who  has  tried 
to  thread  a  needle  without  using  both  eyes,  knows  how  great 
these  errors  may  be.  When,  on  the  other  hand,  we  use  two  eyes, 
we  have  still  the  variations  in  accommtxlation,  and  in  addition 
have  all  the  asaistance  which  arises  from  the  muscular  effort  of  so 
<lirecting  the  two  eyes  on  the  object  that  single  vision  shall  result 
When  the  object  is  near,  we  c«jnvergc  our  visual  axes;  when  dis- 
tant, we  bring  them  back  towards  parallelism.  This  necessary 
contraction  of  the  ocular  muscles  affords  a  muscular  sense,  by 
the  help  of  which  we  form  a  judgment  as  tn  the  distance  of  the 
object.  Ifenc^,  when  by  any  means  the  convergence  which  is 
necessary  to  bring  the  object  into  single  vision  is  lessened,  the 
ot>ject  seems  to  become  more  distant,  when  increased,  to  move 
towards  vis  :  as  may  he  seen  in  the  stereoscope. 

The  judgment  of  size  is  closely  connected  with  that  of  distance. 
Our  perceptions,  gained  exclusively  from  the  iield  of  vision,  go 
no  further  than  the  apparent  size  of  the  image — i.  e.,  of  the  angle 
subtended  by  the  object.  The  real  nhe  of  the  object  can  only  be 
gathered  from  the  apparent  size  of  the  image  when  the  distance 
of  the  object  from  the  eye  is  known.  Thus  perceiving  directly 
the  apparent  size  of  the  image,  we  judge  tne  distance  of  the 
object  giving  the  image,  and  ui)on  that  come  to  a  conclusion  as 
lo  its  size.  And  conversely,  when  we  see  an  object,  of  whose  real 
size  we  are  otherwise  aware,  or  are  led  to  think  we  are  aware,  our 
judgment  of  itn  distance  is  influenced  by  its  apparent  size.  Thus 
when  in  our  Held  of  vit*ion  there  appears  the  image  of  a  man, 
knowing  otherwise  the  onlinary  size  of  a  man,  we  infer,  if  the 
image  be  very  flraall.  tlint  the  man  in  far  off.  The  reason  of  the 
image  being  small  may  be  because  the  man  is  far  off,  in  which 
case  our  judgment  is  correct;  it  may  be,  however,  because  the 


4 


VISUAL    JUDOHBNTS 


643 


image  has  been  lessened  by  artificial  dioptric  means,  as  when  the 
man  is  looked  at  through  an  inverted  telescope,  in  which  case 
our  judgment  becomes  u  delueion.  Ho  also  an  image  on  a  screen 
when  gradually  enlarged  ftcema  to  come  forward,  when  gradually 
diminished  seems  to  recede.  Id  these  cases  the  inHuence  on  our 
jndgmcnt  of  the  mnscular  sense  of  binocular  Adjustment,  or 
monocular  accommodation,  is  thwarted  by  the  more  direct  in- 
fluence of  the  association  between  size  and  distance. 


■ 


Judgment  of  Solidity. — When  we  look  at  a  small  circle  all 
parts  of  the  circle  iirc  at  the  same  distaiice  from  us,  all  [>arts  are 
eijualiy  distinct  at  the  same  lime,  whether  we  htok  at  it  with  one 
eye  or  with  two  eyes.  When,  on  the  other  han<l,  we  look  at  a 
sphere,  the  various  parts  of  which  are  at  different  distances  from 
us,  a  sense  of  the  accommodation,  but  much  more  a  sense  of  the 
binocular  adjustment,  of  the  convergence  or  the  opposite  of  the 
two  eyes,  required  to  make  the  various  parts  successively  dia- 
linct,  makes  us  aware  thai  the  various  parts  of  the  sphere  are 
onequally  distant;  and  from  that  we  form  a  judgment  of  its 
solidity.  Ab  with  distance  of  objectfl,  ao  with  solidity,  which  is 
at  bottom  a  matter  of  distance  of  the  parta  of  an  object,  we  can 
form  a  judgment  with  one  eye  alone  ;  but  our  ideas  become  much 
more  exact  and  trustworthy  when  two  eyes  are  used.  And  we 
are  much  assisted  by  the  ejects  produced  by  the  reflection  of 
light  from  the  various  surfaces  of  a  soli*)  object;  bo  much  so, 
that  raised  surfaces  may  be  made  to  apf»ear  deprease^l,  or  vice 
verm,  and  Hat  surfaces  either  raise*!  or  depressed,  by  appropriate 
arrangements  of  shadings  and  shadow. 

Binocular  vision,  moreover,  atTords  us  a  means  of  judgiug  of 
the  solidity  of  objects,  inasmuch  as  the  image  of  any  solid 
object  which  falls  on  to  the  rigbt  eye  cannot  be  exactly  lilce  that 

Fia.  201. 
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which  falls  on  the  leH,  though  both  are  combineij  in  the  single 
perception  of  the  two  eyes.  Thus,  when  we  look  at  a  truncated 
pyramid  placed  in  the  middle  line  before  us,  the  image  which 
falls  on  the  right  eye  is  of  the  kind  represented  in  Fig.  201,  R, 
while  that  which  falls  on  the  left  eye  has  the  form  of  Fig.  201,  L; 
yet  the  perception  gatued  from  the  two  images  together  corre- 
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«pou(U  to  the  form  of  which  201,  B.  is  the  projectiou.  Whenei 
we  thu3  corubine  ia  oue  [>erceplioD  two  dissttuitar  images,  one  of 
the  one  ami  the  other  of  the  other  eye,  we  judge  that  the  object 
giving;  rise  to  Ihe  images  is  solid. 

This  is  the  simple  principle  of  the  stereoecope,  iu  which  two 
slightly  dissimilar  pictures,  auch  as  would  corre«iKJud  to  the  vision 
of  each  eye  separately,  are,  by  means  of  reflecting  mirrors,  as  in 
Wheatstone's  original  insirumeut,  or  by  prisms,  as  in  the  form 
introduced  by  Brewster,  made  to  cast  images  on  corresponding 
parts  of  the  two  retinas  so  as  to  produce  a  single  perception. 
Though  each  picture  is  a  surface  of  two  dimensions  only,  the 
resulting  neiception  is  the  same  as  if  a  single  object,  or  group  of 
objects,  of  three  dimensions  had  been  looked  at. 

It  might  be  suppitsed  that  the  judgment  of  solidity  which 
arises  when  two  dissimilar  images  arc  thus  combined  in  one  per- 
ceptiiiLi,  was  due  to  the  fact  that  all  parts  of  the  two  images 
cannut  fall  im  corresponding  parts  of  the  two  retinas  at  the  same 
time,  and  that  therefore  the  combination  of  the  two  needs  some 
movement  ol"  the  eyes.  Thus,  if  we  superimpose  R  on  L  (Fig. 
201),  it  is  evident  that  when  the  bases  coincide  the  truncated 
apices  will  not,  and  vice  verm;  hence  when  the  bases  fall  on 
corresponding  parts,  the  apices  will  not  be  c^>mbine<l  into  one 
image,  and  vice  versa ;  in  order  that  both  may  be  combined,  there 
must  be  a  slight  rapid  movement  of  the  eyes  from  the  one  to  the 
other.  That,  however,  no  such  movement  is  necessary  for  each 
particular  case  is  shown  by  the  fact  that  aoliti  objects  appear  as 
such  when  illuminated  by  an  electric  spark,  the  duration  of 
which  is  too  short  to  permit  of  any  movements  of  the  eyes.  If 
the  fla.Hh  occurred  at  the  moment  that  the  eyes  were  binocularly 
adjusted  for  the  bases  of  the  pyramids,  the  two  apices  not  falling 
on  exactly  corresponding  i>artb  would  give  rise  to  two  perceptions, 
and  the  whole  object  ought  to  api>ear  confused.  That  it  does 
not,  but,  on  the  contrary,  appears  a  single  solid,  must  be  the 
result  of  cerebral  operations,  resulting  in  what  we  have  called  a 
judgrhenb. 

Struggle  of  the  Two  Pields  of  Visioit— If  the  images  of  two 
surfaces,  one  black  and  the  other  white,  are  made  to  fall  on  corre- 
sponding parts  of  the  eye,  so  as  to  be  united  into  a  single  percep- 
tion, the  result  is  not  always  a  mixture  of  the  two  impressiona — 
that  is,  a  gray — but,  in  many  cases,  a  sensation  similar  to  that 
produced  when  a  polished  surface,  such  as  plumbago,  is  looked 
at :  the  surface  appears  brilliant.  The  reason  probablv  is 
because  when  we  look  at  a  [>olished  surface  the  amount  of  re- 
flected light  which  falls  upon  the  retina  is  generally  different  io 
the  two  eyes ;  and  hence  we  associate  an  unequal  Btimulation  of 
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the  two  retinas  with  the  idea  of  a  polished  aurface.  80  alao  when 
the  impressions  of  two  colors  are  united  in  hinooular  vii*ion,  the 
result  18  in  most  cases  uot  a  mixture  of  the  two  colore,  as  when 
the  ennie  two  impreesiona  are  brought  to  hear  together  at  the 
same  time  on  a  single  retina,  but  a  struggle  between  the  two 
colors,  now  one,  and  now  the  other,  becoming  proraiueni,  inter- 
mediate tints  however  being  freijuenlly  pa&jed  through.  This 
may  arise  from  the  difiBculty  of  accomm<M]ating  at  the  eaine  time 
for  the  two  different  cf»lnrB  (see  j>.  dQl ) ;  if  two  eyes,  one  of  which 
is  looking  at  red,  and  the  other  at  blue,  be  both  accommodated 
for  red  rays,  the  red  uensalion  will  overpower  the  blue,  and  vice 
vena.  It  may  be,  however,  that  the  tendency  to  rhythmic  action, 
80  manifest  in  other  simpler  manifestatioua  of  protoplasmic 
activity,  makes  ita  appearance  also  in  the  higher  cerebral 
labors  of  binocular  vision. 


Hec.  6. — Thk  pROTEimvE  Mechaniams  of  the  Eye. 

The  eyeball  is  protected  by  the  eyelids,  which  are  capable  of 
movements  calle^l  resi)ectively  opening  and  shutting  the  eye. 
The  eve  is  shut  by  the  contraction  of  the  orbicularis  muscle, 
carrier!  out  either  aa  a  reflex  or  voluntary  act,  by  means  of  the 
facial  nerve.  The  eye  is  opened  chiefly  by  the  raising  of  the 
upper  eyelid,  through  the  contraction  of  the  levator  palpebno 
carried  out  by  mean«  of  the  third  nerve.  The  upper  eyelid  is 
also  raised  and  the  lower  depressed,  the  eye  being  thus  opened, 
by  means  of  plain  muscular  fibres  existing  in  the  two  eyelids 
and  governed  by  the  cervical  sympathetic.  The  shutting  of  the 
eye  as  in  winking  i^  iu  general  effected  more  rapidly  than  the 
opening. 

The  eye  is  kept  continually  moist  partly  by  the  secretiou  of  the 
glands  in  the  conjunctiva,  and  of  the  Meihomian  glands,  but 
chiefly  by  the  secretion  of  the  lachrymal  gland.  Under  ordinary 
circumstances  the  fluid  thus  formed  is  carried  away  by  the 
lachrymal  canals  into  the  nasal  sac  and  thus  into  the  cavity  of 
the  nose.  When  the  secretion  becomes  too  abumlant  to  escajHj 
in  this  way  it  overflows  on  to  the  cheeks  in  the  form  of  tears. 

If  a  i|Uftntity  ol'  tears  be  collected,  they  are  found  to  form  a 
clear  faintly  alkaline  fluid,  iu  many  respect>)  like  saliva,  contain- 
ing about  one  per  cent,  of  solids,  of  which  a  small  part  is  proteid 
in  nature.  Among  the  salts  ]>re8eut  sodium  chloride  is  con- 
spicuous. 

The  nervous  mechanism  of  the  secretion  of  tear?,  in  many 
respects,  resembles  that  of  the  secretion  of  saliva.  A  flow  is 
usually  brought  about  either  in  a  refles  manner  by  stimuli  ap- 


646 


SIGHT, 


plied  to  the  conjunctiva,  the  nasal  raucous  membrane,  tongue, 
optic  nerve,  etc.,  or  more  directly  by  emotions.  Venous  conges- 
tion nf  the  head  is  also  said  to  cause  a  flow.  The  efferent  nerves 
belong  either  to  the  cerebro-spinal  system  (^the  lachrymal  and 
orbital  branches  of  the  fifth  uerve),  ur  arise  iVom  the  cervical 
sympathetic,  the  afferent  nervea  varying  according  to  the  exciting 
cause. 

The  act  of  blinking  undoubtedly  favors  the  passage  of  tears 
through  the  lachrymnl  canals  into  the  nasal  sac,  and  hence 
when  the  orbicularis  is  paralyzed  tears  do  not  pass  so  readily  aa 
usual  into  the  nose;  but  the  exact  mechanism  by  which  this  is 
effected  has  been  much  disputed.  According  to  some  authors, 
the  contraction  of  the  orbicularis  presses  the  fluid  onwards  out  of 
the  canals,  which,  upon  the  relaxation  of  the  orbicularis,  dilate 
and  receive  a  fresh  quantity.  Others  maintain  that  a  special 
arrangement  of  muscular  flbres  keeps  the  canals  open  even 
during  the  closing  of  the  lids,  so  that  the  pressure  of  the  con- 
traction of  the  orbicularis  is  able  to  have  full  effect  in  driving 
the  tears  through  the  canala. 


CHAPTER    III 


HEARING,  SMELL,  AND  TASTE. 
Sec.  L — Hkaring. 

[t^ysiological  Anatomy  of  the  Ear, 

Thk  ear,  or  organ  of  hearing,  is  composed  of  three  parts, 
called  the  extemalt  middle,  and  internal  ear. 

The  external  ear  consists  of  an  outer  projecting  portion,  called 
the  pinna,  and  the  auditory  canal,  or  meatw  audiloriiis  ej^terrnis. 
(Fig.  202.)     The  pinna  is  a  somewhat  oblong  funnel-shaped 
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organ,  the  smaller  portion  of  the  funnel  being  attached  to  the 
BkuU  by  ligamentous  tissue  ;  the  larger  portion  serving  to  collect 
and  convey  the  sonorous  undulations  to  the  meatus.     It  ia  com- 
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Q(l  of  cartilage  covered  br  iDteguroent  Its  sorfaoe  is  tiregv* 
/  curveii  aurl  depreeeed.  The  outer  projecting  rim  k  the 
helijc ;  anterior  to  the  helix  U  a  second  elevation,  called  tlw  ant\- 
helU,  which  deecribes  a  curve  partially  around  a  deep  dcproMfWi 
which  leads  to  the  roeatuit.  called  the  concha,  Betweeo  taehcJiz 
aod  antihelix  is  the  foMa  of  the  helix.  The  antibelix  bifurcates 
at  iu  superior  p<jrtioD,  and  encloees  the /a»a  of  the  uitihelix. 
Projecting  posteriorly  from  the  anterior  portion  of  the  cooeka  is 
a  papillary  prominence  called  the  tra^pi$;  posterior  to  thia,  aepa- 
rated  by  a  neaure*  is  the  antiiragru^  which  is  a  contiouatioQ  of 
the  helix.  On  the  inferior  portion  of  the  pinna  is  a  soft  peada- 
louB  p(»rtif>n,  termed  the  lobule.  The  meatus  leads  from  the 
concha  to  the  middle  ear,  from  which  it  is  separated  by  tho  lym- 
|mnic  membrane.  Ita  direction  la  forwards,  inwards,  and  slightly 
upwards ;  its  lower  surface  being  longer  than  the  upper,  on  ac- 
count of  the  ul>li(]uity  of  the  position  of  the  tympanic  membnuae. 
The  canal  consint^  of  an  external  membranooariUa^inoua  portioo, 
which  in  coutinuous  with  the  pinna,  and  an  internal  o«»e«u4  por- 
tion formefl  by  the  mastoid  bone.  In  the  external  iwrtion  of  the 
Cftiml  are  found  numerous  hairs  and  sebaceous  glanda;  in  the 
InttTnal  portion  are  found  the  cerummoua  glandst  which  secrete 
n  pfHMiliar  substance  commonly  known  as  the  earwax. 

The  miiUilc  car  or  tympanum  is  an  irregular  Battened  cavity, 
Hitiiiilod  ill  the  jieLroiifl  portion  of  the  temporal  bone,  and  ]ine«] 
with  a  mucous  nicnibrane.     It  is  separated  from  the  meatus  by 

II  iiuMiilirnnmis  diaphragm,  which  is  the  tympanic membranr ;  and 
frnm  tho  intrrnnl  ear  by  an  osaeo-membranoua  partition,  whidi 
fttrtuN  a  i>i>mnion  wall  for  both.  Through  the  Eostaoliiau  tube 
it  i-ommunicutes  willi  the  pharynx.  On  ita  poeterior  wall  are 
iwmn  orifuM^s  of  the  niat*toid  cells.  The  tympanic  membrane  is  a 
siimitranHparont,  oval  membrane,  concave  on  its  external,  and 
oonvvx  on  iln  internal  surface,  where  it  has  attached  the  long 
pnx'nw  of  the  malleus,  one  of  the  oseiclefi.  It  is  placed  in  ao 
ubliipio  [MMition,  (tloniug  downwards,  forwards,  and  inwards  at 
an  anglo  of  about  Ah  ,    Its  circumference  is  attached  to  a  groove 

III  tho  temporal  bono.  In  the  ftetus  this  portion  of  the  bone 
i*xinUi  ii*<  rt  w'pnrate  piece,  called  the  tympanic  bone  (Fig.  203), 
hut  it  nrterwnrds  bcromes  ossified  to  the  temporal.  The  tym- 
panic mombrane  couHiMs  of  ihn'c  layers:  the  external,  middle, 
afid  internal.  The  external  i.H  n  continuation  of  the  integument 
covei-iiiK  the  meatus ;  iho  internnl  ia  a  continuation  of  the  mucous 
iiiotiihrane  lini"K  ^^'**  tympanum  ;  the  middle  layer,  which  is  the 
tnoHl  iiniiDrtaiit.  '"  tense,  ntrong.  nnd  fibrous.  ma*le  up  of  circular 
mill  rndiutiuK  *»**'**'*''  *'^"  "  *****^'*  amount  of  elastic  tissue  inter- 
mi  xet 


I. 
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;n(..riial  w*^*  ^^^^^^  '^>'>4panum  arc  two  small  opeDin^ 
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the  fenestra  ovalis  and/fnetf/ra  rotunda^  which  cummuuicate  with 
the  labyrinth.  The  IVueatra  rotunda  is  closed  by  a  membrane. 
Extending  between  the  tympanic  membrane  and  the  fenestra 
ovaliB  are  the  oa-ttV/rx,  conBisting  of  three  small  bones,  which  form 
a  system  of  levers.  These  ossicles  are  termed,  from  their  resem- 
blance to  particular  objects,  the  malleus,  iticwi,  and  ntape9. 
(Pig.  204.)  The  nialloua  consists  of  a  head,  neck,  long  and 
short  process,  and  handle.  The  head  articulates  with  the  roof 
of  the  tympanum,  and  in  a  depression  of  the  incus;  the  handle 

Fio.  204. 


tm.  SXl.— Ikneh  Tinr  nrniiMuiBaAfrA 

TV«1'A!<I  IN  TUB  FlKTl'H,   WITH  TUE    KLttlJCUII 
AITAL'IIMIt 

A,  membnuM  nr  ilmni  nt  the  fyiDiNuinin ; 
^,  niallttw.  c,  bond  of  circular  Hbrw  at  llit> 
cifviitufHrvnc)' ;  d,  lufurior,  antl  «,  superiur 
tjmi«.uJc  »rU»ry  ;  /,  lyiuiwHlr  Ikiuo. 


Fifi  ftH. — Plak  nr  THK  OoKK-Maa  im  P<»iiitiok  nr  tk«  TmwPAirrM  wmi  thi:iii  MVMn.M» 

41,   aiTity  of  UiH   tjrni(unatu ;  ^,  iiU'^ulirnriu   lyDiijniil ;  r,    EiutiuUiUu    lubo ;  d,  lualldni; 

<,  liMui ;  /,  MHiMM ;  tt  Uxftiur  tynii«iil  muat  lu ;  A,  U'tuur  tytuimni ;  i,  ntupiMUiu. 

is  directed  downwards,  and  attached  by  its  whole  length  to  the 
tympanic  membrane;  the  long  process  (jprocestnus  graciUji)  is 
directed  forwards,  and  has  attached  the  insertion  of  the  laxator 
iympani  muscle;  the  short  process,  which  is  at  the  base  of  the 
long  process,  has  attached  the  insertion  of  the  tenmr  iympani 
muicle.  The  incue  consists  of  a  body,  a  long  and  short  process. 
The  body  of  the  incus  has  a  depression,  in  which  articulates  the 
head  of  the  malleus ;  the  short  process  is  attached  to  the  posterior 
wall  of  the  tympanum  ;  the  long  process  (lenticular  process)  is 
placed  almost  vertically,  and  at  its  end  is  a  rounded  process  (the 
08  orbiMthre)  which  articulates  with  the  head  of  the  stapes.  The 
tlapes  consists  of  a  head,  neck,  two  crura,  and  a  baso.     The  head 
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articulates  with  the  long  process  of  the  incus;  the  neck 
as  a  point  uf  insertion  of  the  i^tapedius  muscle  ;  the  crura  diverge 
from  the  neck,  and  unite  with  the  oval  base  at  its  greatest 
diameter.  The  base  is  fixed  in  the  fenestra  ovalis  hj  attach- 
ments formed  by  the  lining  membranes  of  both  the  tympaonm 
and  internal  ear.  These  oseiclee  are  connected  with  each  other. 
and  to  the  walls  of  the  tympanum  by  ligamentt?,  and  at  their 
articulations  they  are  furnishe<l   with   cartilages    and  synovial 

Fio.  205. 
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meTn]»rune.«.     They  are  enveloped  by  prolongations  of  the  mu- 
coUH  membrane  lining  ihc  tympanum. 

The  intcrnnl  far  or  labyrinth  is  the  most  essential  portion  of 
the  auditory  npparatua.  It  conBiste  of  three  portions :  the  vesti- 
bule,  ncmictrmlnr  rauah,  and  coWi/ea ;  and  is  situated  within  the 
[wtroufl  portion  of  the  temporal  bone.  Within  the  itsaetjua  laby- 
rinth is  a  membmnous  labyrinth  to  which  the  auditor;^'  nerve  is 
distributed.  The  vestibule  \»  an  irregular  chamber,  which  servea 
as  a  common  means  nC  communication  between  the  tympanora 
and  the  gemicireulHr  caiials  and  cochlea.  On  its  external  wall  is^ 
the  fent.'iflra  ovalit*.  closed  by  the  base  ot*  the  filapcs.  On  its* 
internal  wall  is  a  tlepression  r&lled  the  fovea  hemispherical  which 
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is  perfuratetl  by  minute  u[>6uingB  for  the  paeBage  of  auditory 
nervc-filamenU.  Above  and  poBterior  to  thia  depression  is 
anotber,  the  fovea  keuMliplica.  Posterior  to  the  fovea  henii- 
spherica  is  the  oriBce  of  the  aqueductua  ve&tibuli.  In  the  pos- 
terior wall  are  five  openings  leading  to  the  Bemicircular  canaU. 
Anteriorly,  it  comimmicales  with  the  cochlea  by  the  uperturoi 
naaltB  veMihuli  f^rhfe<r.  The  Annicireular  cauaU  are  three  in 
number:  the  superior^  po$krlor  or  inferior^  and  horizontaL  They 
form  the  greater  portion  of  a  circle,  and  communicate  with  the 

Fin.  207. 


taanauBKtA'nmt  or  tus  fluiu'iMtfi'UkA  Camxiji  kvuhuko.     (Fmin  «  ofHlol  In  I'lUvonlir 

'I,  0H)>rrior  vcrticMl :  ^,  ptittvrtor  or  inf'Tlur  vr^rllvul .  unci  c,  liorl»*utul  nuuU  ;  4,  coOHiioii 
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uf  Uui  ToatUiule. 


vestibule  by  fiveopeuinga,  one  of  which  is  common  to  the  Mijjeiior 
and  horizontal  cuuala.  The  suf>erior  canal  is  situated  vertically, 
and  at  right  angles  with  the  posterior  surface  of  the  petrous  bone  ; 
the  posterior  canal  is  abo  vertical,  and  parallel  with  llie  posterior 
surface  of  the  petrous  bone ;  the  inferior  caual  is  placed  hori- 
Kontally  and  at  right  angles  to  the  others.  At  the  comuience- 
nient  of  each  of  these  canals  is  a  dilated  portion,  called  the 
ampxiUa. 

The  cochlea  occupies  the  anterior  portion  of  the  labyrinth. 
Its  base,  which  corresponds  U)  the  internal  atuliiory  inecUtu,  is 
perforated  by  many  minute  oriBcen  for  tlie  passage  of  filaments 
of  the  cochlear  branch  of  the  auditory  nerve.  The  cochlea 
consists  of  a  central  axis,  or  modioli^*,  which  has  a  spiral  canal 
wound  around  it.     This  taiual  makes  two  and  a  half  conv^V^X^t 
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turns,  and  terminates  in  the  apex  of  the  cochlea  in  an  expansioQ 
termed  the  Ivjundibulum.  (Fig.  208.)  The  motiiolus  is  some- 
what cone-shaped,  and  forms  tlie  internal  wall  of  the  canal,  being 
perforated  in  its  ceutre  and  eidea  by  a|)erturea  for  the  passage  of 
the  Hlamenta  of  the  auditory  nerve.  The  canal  is  divided  into 
two  passages  or  9<xUa  by  a  septum  called  the  lamina  tpiralis. 


Fio.  208. 
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a,  axb  wlUi  lu  ratinU ;  b,  InAindlbutum  ur  eiilars«<l  Nnmr  oo<l  "(  Mii>  hxi* ;  r,  wtittini  < 
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•I,  BCftln  tyni[Wtii  ;  m,  mtaIu  vi^tiliuH. 

which  is  partly  osseous  and  partly  membranous.  The  osseous 
portion  projects  from  the  rm>diolu»,  midway  across  the  canal ;  it 
constats  of  two  lamina)  between  which  the  nerve-filaments  run. 
The  membranous  portion  extends  from  the  external  margin  of 
the  osseous  lamina  to  the  external  wall  of  the  canal.  It  consists 
of  two  layers  ;  the  superior  is  the  membrane  of  Corti  or  membrana 
tecioria*  the  inferior,  the  m^nibrfina  6aW/ar/fi,  which  is  attached 
externally  to  the  planum  saniluuare.  These  membranes  sre 
placed  parallel  with  each  other,  an<l  contain  between  them  lb« 
orffan  of  Corti,  which  rests  on  the  ba^ilnry  membrane.  (Fig.  209.) 
The  scalit  vestibulV  communicates  below  with  the  vestibule 
by  the  aperturct  fiCal<E  veMtbiUi  cochlea;  the  lower  jxiHsage,  or 
scnla  hjmpani,  communicates  with  the  tympanum  by  the  fenestra 
rotunda.  These  scuUc  communicate  nt  the  apex  of  the  cochlea 
by  an  o[>ening  tern»ed  the  hiatus  or  heUcotrrmtt^  which  exiats  id 
consequence  of  a  deficiejicy  of  the  latt  half  turn  of  the  lamina 
spiralis. 

The  upper  mbU  ia  Hivlded  into  two  parts  hj  e  utotubrmnuas  pertll'ioa,  the 
upper  of  which  1«  onlled  the  tQm\%  voalibuU  :  the  vtlior,  diietua  cooblwrit. 
(Mg.  209). 
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Hie  OflseouB  portion  of  the  lamina  spiralis  has  on  its  superior 
fxU^nml  i>ortiou  a  ilenliculutetl  cartilnginous  Bubstaace  calleil 
the  Uimina  deiitwtUatn.  From  the  superior  surface  of  the  spiral 
lamina,  aD<l  internal  to  the  lanaina  'lenticulata,  i»  a  delicate 
membrane  extentling  upwards  and  outwards  at  au  angle  of 
about  45*^  to  the  external  wall  of  the  scala.  This  i)4  called  the 
metnbrane  of  Jieissrirr,  It  divides  the  scala  into  two  passages, 
the  lower  of  which  is  the  ductus  coehlcarU.  This  duct  ends  in 
the  apex  of  the  ct^chlea  iu  a  cteca.  and  c^^mniunicates  at  the 
base  with  the  saccule  by  the  ducttu  reunieii^;  it  coniaius  the 
essential  pi>rtiuu  of  the  auditory  apparatus  of  the  cochlea,  and 
is  a  part  of  the  membranous  labyrinth. 

The  oTffan  of  Corii  rests  upon  the  basilary  membrane.  It 
consists  of  the  inner  and  outer  hair-cells,  and  two  rows  of 
elongated  cells,   placed   parallel   with   each   other,   having  an 
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inclining  position  so  that  their  free  extremities  rest  against  each 
other  and  thus  i'orm  the  nreh  of  Corii,  whicli  covers  the  central 
space,  (Fig.  200.)  These  n)ws  are,  calle<l  the  inner  and  outer 
rods,  or  pillars  of  Corli.  From  the  superior  extremity  of  both 
the  inner  and  outer  rods,  finger-like  proceasea  project  «.■ltV^.T\»^^"^ . 
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At  their  bases  correspoodiDg  to  the  central  space  are  eiDgle  ro^ 
of  nucleated  cells.  On  the  internal  side  of  the  inner  rods  is  a 
single  roWf  and  on  the  external  eide  of  the  outer  rods  are  three 
rnwB  of  elongated  ciliated  cells.  Extending  across  the  top  of  the 
organ  of  Carti,  from  the  inner  hair-cells  to  the  external  wall  of 
the  canal,  is  a  very  delicate  structure  called  the  reticular  hktii- 
brane.  The  auditory  nerve-filaments  probably  terminate  in  the 
ciliated  cells,  being  intimately  connected  with  the  cilia. 

The  osseous  labyrinth  is  lined  by  a  fibro-serous  membrane 
which  secretes  a  watery  fluid  called  the  perilymph.  The  yter'i- 
lymph  fills  the  scahe  of  the  cochlea,  and  surrounds  the  durttu 
cochleariif  and  the  membranous  jwrtions  of  the  labyrinth,  which 
arc  situated  in  the  vestibule  and  semicircular  canals. 

The  me^nbranoitJi  labi/rinth  is  a  closed  sac  consisting  of  the 
semicircular  canals,  a  vestibular  portion,  and  the  ductus  coch- 


Fio.  210. 
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learis  of  the  cochlea.  The  semicircular  canals  are  of  the  same 
form  as  the  osseous  canals,  and  are  contained  within  them. 
The  vestibular  ]K>rtioD  consists  of  an  expanded  body,  the  ntririe, 
and  a  smaller  body,  the  aaccxile.  The  utricle  is  situated  at  the 
fovea  hemielliptica ;  the  iwmicircular  canals  open  on  its  iuteroal 
tfurfiice.    The  saccule  lies  at  the  fovea  hemiapherica ;  it  is  con* 
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necteil  with  the  ductus  cochlearis  by  the  ducttui  reunifftig,  lu 
the  walls  uf  the  aaccule  and  utricle  are  two  calcareouH  bodies 
called  the  otoliths.  The  walls  of  the  ampulla,  accordiug  to 
Bowman,  also  coutain  aonie  grains  of  a  eimilur  aubstance.  The 
walk  of  the  membranous  labyrinth  conaist  of  a  fibrous  tissue, 
lined  by  pavement  nucleated  epithelium  cells,  having  astructure- 
leflB  baseroent-nicmhranc.  These  epithelial  cells  are  much  modi- 
fied at  the  place  of  entrance  of  the  fibres  of  the  auditory  nerve. 
The  vestibular  branches  of  the  auditory  nerve  are  distributed  to 
the  ampulla*,  utricle,  and  saccule.    (Fig.  211.)    lu  the  utricle 

Fio  211. 


DwmiBVTtoii  or  Scurm  to  tun  Memhramoi'i)  LAntBtxTii.    (Biikwiikt  ; 
(i,  Dcrve  bj  tilt*  Hirulc ;  ft,  uenro  oatcrlng  tlir>  unpullmr;  cularfvinital  uu  n  P*Muf44tculiir 
tube  ;  «;  Lmnch  u(  rufnre  eutcrinfi;  itia  l«t^  mr  or  utrklw 

and  the  saccule  the  fibres  terminate  in  oval  plates,  called  the 
mtuyuiie  actisiicce,  which  are  more  or  less  colored  by  the  depi»ei- 
tion  of  yellow  pigment.  In  the  ampullie  the  fibres  terminate  in 
elevations  called  the  cjiske  acusticw.  After  the  nerve-filament 
pierces  the  membranous  wall  at  thcFC  pointa,  the  axis-cylinder 
alone ]>enetrates  the  basement-membrane;  it  then  forms  a  plexus 
of  delicate  nerve-fibres  with  nuclei,  and  finally  terminates  in 
fusiform  epithelial  cells  which  have  terminal  cilia  called  the 
auditory  hairs.  (Fig.  212.)  These  ciliated  cells  are  supported 
by  columnar  epithelium. 

The  membranous  labyrinth  is  lined  by  polyounal  nucleated 
epithelium,  which  secretes  the  endolyviyh  which  nils  the  f^ac] 

Ab  in  the  eye,  ao  in  the  ear,  we  have  to  deal,  first,  vivUv^^xv^t^^ 
of  special  sense,  the  stimulation  of  which  ^Vv^  t\«A  \a  «k  %v^uSa\ 
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eeusatiori ;  secondly,  with  terminal  organs  tlirougb  which  the 
physical  changes  pruper  to  the  special  sense  arc  enabled  to  act 
on  the  nerve;  and,  thirdly,  with  subsidiary  apparatus,  by  which 
the  usefulness  of  the  sense  is  increased.  The  central  connections 
of  the  auditory  nerve  are  such  that  whenever  the  auditory  fibres 
are  stimulated,  whether  by  means  of  the  terminal  organs  in  the 
usual  way  or  by  the  direct  application  of  stimuli — electrical, 
mc<.'hHi)ical,etc. — the  result  is  always  asensattou  of  sound.    Just 

[Pio  212. 


IhAdlUM    iir  TIIR  HiiOIC  (If  TiEIIMIIIATluBf   liy  TtIK   AmiTOHV   KjtK^K  IK  TMK  AnPtrtLS  ASM 

fl*(K7PM. 

I,  (li«  Willi  Iff  the  lunpulla  ;  %  wtruclurvim  Uustminl-nu'ailtnuiP ;  A,  (bmMy  iiinfiium^ 
iKTVir-niTiW  :  4.  axl»^y1ttMlor  trnirt>nt|uK  ths  NuHifli«lit-iii>*uil>nitie  :  Ti,  plAxifnnn  nnkm  iif  fliiii 
n«<rT»-ni>rMi  wlih  ltil«nv<**w^  niiclil ;  A.  fnatfnmi  <«llt,  viih  huclwiiit  «jid  dark  Ttbn  In  Umlr 
Intorior;  T,  «ap|iur1iDgc«lti;  H,  amlHor;  bain.] 

u  Btimulntiou  of  the  optic  fibres  produces  no  other  sensation  than 
that  of  light,  so  stimulation  of  the  auditory  fibres  produces  oo 
other  sensation  than  that  of  sound.*     The  terminal  orgaofl  of  ihe 

>  It  nill  b«  eoen  Uter  on  thnt  lhor«  &ro  r«««on«  for  thlnktoff  lti»t  lai|Mil»f 
p&Miog  along  the  au(]iU>r7  nerve  luii/  giro  Hia  to  otber  «ffeoU  than  kutlltor/ 
Magstiom. 
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auditory  nerve  are  of  two  kinde  :  the  complicated  organ  of  Cord 
in  the  cochlea,  and  the  epithelial  arrangements  of  the  macula: 
and  cristas  aciistica^  in  otner  parts  of  the  labyrinth.  Waves  of 
Bouod  falling  on  the  auditor)-  nerve  itself  produce  no  eflect 
whatever;  it  ia  only  when,  by  the  medium  of  the  endolymph. 
they  are  brought  to  bear  on  the  delicate  and  {>ecu]iar  epithelium 
cells  which  constitute  tiie  peripheral  icrmiiiatiunB  of  the  nerve, 
that  sensations  of  sound  arise.  Such  delicate  structures  are.  for 
the  sake  of  protection,  naturally  withdrawn  from  the  surface  of 
the  body,  where  they  would  be  subject  to  injury.  Hence,  the 
necessity  of  an  acoustic  apparatus,  forming  the  middle  and  ex- 
ternal ear,  by  which  the  waves  of  sound  are  nirist  advantageously 
conveyed  to  the  terminal  organs. 


The  Acousiie  Apparatus. 

Waves  of  sound  can  and  do  reach  the  endolymph  of  the 
labyrinth  by  direct  conduction  through  the  skull.  Since,  how- 
ever, Bouorous  vibrations  are  tran8mitte<l  with  great  difficulty 
from  the  air  to  solids  and  liquids,  and  most  souuda  come  to  us 
through  the  air.  some  special  a[)p»ratub  is  required  to  transfer  the 
aerial  vibrations  to  the  liquids  of  the  internal  ear.  This  ap- 
paratus is  supplied  by  the  tympanum  and  it£  ap|>endages. 

The  Concha. — The  use  of  this,  as  far  as  hearing  is  concerned, 
is  to  collect  the  waves  of  sound  coming  in  various  directions,  and 
to  direct  them  on  to  the  membraua  tympani.  In  ourselves  of 
moderate  service  only,  in  many  animals  it  is  of  great  importance. 

The  Membrana  Tympani — It  is  a  characteristic  jimperty  of 
stretched  nicinbrancs  that  they  are  readily  thrown  into  vibration 
by  aerial  waves  of  sound.  The  membrana  tympani  from  its 
peculiar  confurmutiou,  being  funnel  shaped  with  a  depressed 
centre  surrounded  by  sides  gently  convex  outwards,  is  peculiarly 
susceptible  to  sonorous  vibrations,  and  is  most  readily  thrown 
into  correspon<ling  movements  when  waves  of  sound  reach  it  by 
the  meatus.  It  has  moreover  this  useful  feature,  that  unlike 
other  stretched  membranes,  it  has  no  marked  note  of  its  own. 
It  is  not  thrown  into  vibrations  by  waves  of  a  particular  length 
more  readily  than  by  others.  It  answers  equally  welt  within  a 
considerable  range,  to  vibrations  of  very  ditfereut  wave-lengths. 
Had  it  a  fuudameutal  tone  of  its  own,  we  should  be  distracted 
by  the  prominence  of  this  note  in  most  of  the  sounds  we  hear. 
When  sounds  impinge  on  the  solids  of  the  head,  as  when  a  watch 
ia  hold  between  the  teeth,  the  membrana  tympani  is  still  func- 
tional.    Vibrations  are  conveyed  from  the  temporal  bone  to  it 
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and  hence  pnas  in  the  usual  way,  in  addition  to  those  tranamitted 
directly  from  the  bone  to  the  perilymph. 


The 


handh 


Auditory  Ossicles. — The  nialleufl, 
descending  t'orAvanls  and  inwards,  la  attached  to  the  niembrana 
tympani,  and  the  incus,  whose  long  process  is  counectetl  by  means 
of  its  OS  orbiciilnre  or  lenlicular  process  and  ihe  sta|>e8  to  tiie 
fenestra  ovalis^  form  tofj^ether  a  body  which  rotates  round  an  axb, 
passing  through  the  short  process  of  the  incus,  the  bodies  of  the 
incus  and  malleus,  and  the  processus  gracilis  of  the  malleus. 
When  the  malleus  is  carried  inwards,  the  incus  moves  inwards 
too,  and  when  tlie  rnaileus  returns  to  its  poaitioo,  the  incus  re- 
turns with  it,  the  peculiar  ^adille-shaped  joint  with  its  catch 
teeth  permitting  tliis  movenietit  readily,  out  preventing  the 
stapes  being  pulled  back  when  the  memhrana  tympani  with  the 
malleus  is,  for  any  reason,  pushed  outwards  more  than  usual; 
the  Joint  then  gapes,  so  as  to  permit  the  malleus  to  be  moved 
alone.  Various  ligaments,  the  superior  or  suspensory,  anterior, 
and  external,  also  serve  to  keep  the  malleus  in  place.  The 
whole  scries  of  ossicles  may  l)c  regarded  as  a  single-armed  lever, 
moving  on  the  ligamental  attachment  of  the  short  process  of  the 
incus  to  the  posterior  wall  of  the  tympanum,  the  weight  being 
brought  to  bear  at  the  end  of  the  long  process  of  the  incus,  and 
the  power  at  the  end  of  the  handle  of  the  malleus.  The  long, 
mallcal  arm  of  this  lever  is  about  9i  mm.,  the  short,  stapedial, 
6.^  mm.  in  length  ;  hence  the  movements  of  the  stapes  are  less 
than  those  of  the  tympanum  ;  but  the  loss  in  amplitude  is  made 
up  by  a  gain  of  force,  which  is  in  itself  an  obvious  advantage. 

Thus  every  movement  of  the  tympanic  membrane  is  trans- 
roitted  through  this  chain  of  ossicles  to  the  membrane  of  the 
fenestra  ovalis,  and  eo  to  the  perilymph  of  the  labyrinth;  the 
vibrations  of  the  tympanic  membrane  arc  conveyed  with  in- 
creased intensity,  though  with  ditninished  amplitude,  to  the 
latter.  That  the  bones  thus  move  en  masse  has  been  proved  by 
recording  their  movements  in  the  usual  graphic  method,  A 
very  light  style  attached  to  the  incus  or  stapes  is  made  to  write 
on  a  travelling  surface  ;  when  the  membraua  tympani  is  thrown 
into  vibralintis  by  a  sound,  the  curves  describe^l  by  the  style  in- 
dicate that  the  chain  of  bones  moves  with  every  vibration  of  the 
tympanum.  On  the  other  hand,  the  comparatively  loose  attach- 
ments of  the  several  bones  is  an  obstacle  to  the  molecular  trans- 
mission of  sonorous  vihrationf;  through  them.  Moreover,  souortjus 
vibrations  can  only  be  transmitted  to  or  pass  along  such  boilies 
as  eitlier  are  very  long  compared  to  the  length  of  the  sound- 
waves, nr,  as  in  the  case  of  membranes  and  strings,  have  ooe 
dimension  very  much  smaller  than  the  others.     Now  the  buoti 
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in  question  are  nut  especially  thtn  in  any  one  dimension,  but  are 
in  ull  their  dimengions  exceedingly  small  compared  with  the 
length  of  the  vibrations  of  even  the  shrillest  soundtt  we  are 
capable  of  hearing ;  hence  they  must  be  useless  for  the  molecular 
propagation  of  vibratious. 

The  Tensor  Tympani  Masole  even  in  a  quiescent  state  is  of  use 
in  preventing  the  membrniia  tympani  being  pushed  out  far. 
When  it  contracts  it  reuders  the  membruua  tympani  more  tense, 
and  hence  has  been  supposed  to  act  as  a  damper  lessening  the 
amount  of  vibration  of  the  membrane  in  the  ease  of  too  powerful 
Hounds;  it  is  said  to  be  readily  thrown  into  contraction  at  the 
commencement  of  a  sound  or  noiae,  but  to  return  to  rest  during 
the  wmtinuance  of  u  musical  note.  Kiferent  impulses  reach  it 
through  fibres  of  the  ftilh  nerve,  and  its  activity  is  regulated  by 
a  reflex  action.  In  some  persons  the  muscle  seems  to  be  partly 
under  the  dominion  of  the  will,  since  a  peculiar  crackling  noise 
which  these  persons  can  produce  at  pleasure  appears  to  be  caused 
by  a  contraction  of  the  tensor  tympani. 

The  so-called  laxator  tympani  is  considered  to  be  not  a  muscle 
at  all.  but  a  part  of  the  ligamentous  supports  of  the  malleus. 

The  Stapedius  Muscle  is  supposed  to  regulate  the  movements 
of  Uie  stapes,  and  especially  t*)  prevent  its  base  being  driven  too 
far  into  the  fenestra  ovalts  during  large  or  sudden  movements 
of  the  membrana  tympani.  It  ia  governed  by  fibres  from  the 
facial  nerve. 


The  Enstachian  Tabe. — This  serves  to  maintain  an  equi- 
librium of  pressure  between  the  external  air  and  that  within  the 
tympanum,  and  to  serve  aa  an  exit  for  the  secretions  of  that 
cavity.  Were  the  tympanum  permanently  closed  the  vibrations 
of  the  membraua  tympani  would  be  injuriously  aflected  by 
variations  of  pressure  occurring  either  inside  or  outside.  The 
Eustachian  tube  is  undoubtedly  open  during  swallowing,  but  it 
is  still  disputed  whether  it  remains  permanently  open,  or  is  opened 
only  at  intervals;  probably  it  is,  at  most  times,  neither  widely 
open  nor  closely  abut. 

Auditory  Seiisatioiis, 

Each  vibration  communicated  by  the  stapes  to  the  perilymph 
travels  as  a  wave  over  the  vestibule,  the  semicireulnr  canals,  and 
other  parts  of  the  labyrinth  ;  and  from  the  perilymph  is  trans- 
mitted through  the  membranous  walls  to  the  eudulymph.  From 
the  vestibule  it  passes  on  into  the  scala  veatibuli  of  the  cocUle«w^ 
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and  descending  the  scala  tympaoi,  ends  as  an  impulse  agaiost 
the  membrane  of  the  fenestra  rotnnda.  In  the  regions  of  the 
macuhe  and  crietfe  the  vihralioDtt  of  the  endulymph  are  suppoeed 
to  throw  into  corresponding  vibrations  the  so-called  auditory 
hairs.  In  the  cochlea  the  vibrations  of  the  perilymph  are  sup- 
po^d  to  throw  into  vibration  the  basilar  membrane  with  the 
fluperirapoaed  organ  of  ('orti,  consisting  of  the  rods  of  C^orli  wiih 
the  inner  and  outer  hair-cells.  The  vibrations  thus  transmitted 
to  these  structures  give  rise  to  nervous  impulses  in  the  termina- 
tions of  the  auditory  nerves,  and  these  impulses  reaching  certain 
parts  of  the  brain  produce  what  we  call  auditory  sensations. 
VVe  are  accustomed  to  divide  our  auditory  sensations  into  those 
caused  by  noises  and  those  caused  by  musical  sounds.  It  is  the 
characteristic  of  the  latter  that  the  vibrations  which  constitute 
them  are  periodical  ;  they  occur  and  recur  at  regular  intervals. 
When  no  marked  periodicity  is  present  in  the  vibrations,  when 
the  re|>etition  of  the  several  vibrations  is  irregular,  or  the  period 
80  complex  as  not  to  be  readily  appreciated,  the  sensation  pro- 
duced is  that  of  a  noise.  There  is  however  no  abrupt  line  between 
the  two.  Between  a  pure  and  simple  musical  sound  produced 
by  a  series  of  vibrations  each  of  which  has  exactly  the  same 
wave-length,  and  a  harsh  noise  in  which  no  consecutive  vibra- 
tions may  be  alike,  there  are  numerous  intermediate  stages. 

In  both  noises  and  muBical  sounds  we  recognize  a  cnaracter 
which  we  call  loudness.  This  is  determined  by  the  amplitude  of 
the  vibration;  the  greater  the  disturbance  of  the  air  (or  other 
medium)  the  louder  the  sound.  In  u  musical  sound  we  recognize 
also  a  character  which  we  call  pitch.  This  is  detemiine*!  by  the 
wave-length  of  the  vibrations;  the  shorter  the  wave-lengths,  the 
larger  the  number  of  consecutive  vibrations  which  fall  upon  the 
ear  in  a  second,  the  higher  the  pitch.  We  are  able  to  speak  of  a 
whole  series  of  tones  or  musical  sounds  of  different  pitch,  from 
the  lowest  to  the  highest  audible  time.  And  even  in  many 
noises  we  can,  to  a  certain  extent,  recognize  a  pitch,  indicating 
that  among  the  multifarious  vibrations  Uiere  is  a  periodicity  of 
certain  groups  of  vibrations. 

Lastly,  we  distinguish  musical  sounds  by  their  quality ;  the 
same  note  sounded  on  a  piano  and  on  a  violin  produce  very 
different  sensations,  even  when  a  series  of  vibrations  having  in 
each  case  tiie  same  period  of  repetition  is  set  going.  This  arisea 
from  the  fact  that  the  musical  soundn  generated  by  most  musical 
instruments  are  not  simple  but  compound  vibrations.  When  the 
note  C  in  the  treble  for  instance!  is  struck  on  the  piano,  and  we 
analyze  the  total  sound,  we  find  that  it  can  be  resolved  partly 
into  a  series  of  vibrations  with  u  period  characteristic  of  the  pnra 
tone  of  the  treble  C,  and  partly  into  other  series  of  vibrat 
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with  periods  characteristic  of  the  C  in  the  octave  above,  of  the 
G  above  that,  of  the  C  iu  the  next  octave,  and  of  the  E  aljove 
that.  And  the  genitation  which  we  aesociate  with  the  sound  of 
the  treble  C  on  the  piano  is  determined  by  the  characters  of  the 
complex  Tibratiou  arising  uut  of  these  several  constituent  simple 
vibrations.  Almost  all  musical  sounds  are  thus  compiled  of 
what  is  called  a  "fundamental  tone"  accompanied  by  a  number 
of  "  overtones."  And  the  overtones  varying  in  number  and 
relative  prominence  iu  different  instruments,  give  rise  to  a  difier- 
euce  iu  the  sensation  caused  by  the  whole  tone.  Bo  that  while 
the  fundamental  tone  determines  the  pitch  of  the  sound,  the 
quality  of  the  sound  is  determined  by  the  number  and  relative 
prominejice  of  the  overtones.  In  a  somewhat  similar  way  we 
distinguish  the  quality  of  noises,  such  as  a  banging,  crackling,  or 
rustling  noise,  by  an  appreciation  of  sudden  or  irregular  changeftj 
in  the  amplitude  and  perio<l  of  the  constituent  vibrations. 

Since  we  have  a  very  considenible  appreciation,  capable  by 
exercise  of  ast/mishing  enlargement,  of  the  loudness,  pitch,  and 
quality  of  a  wide  range  of  noises  and  musical  sounds,  it  is  clear  i 
that,  within  the  limits  of  hearing,  each  vibration  or  series  of 
vibrations  must  produce  its  eflect  on  the  auditory  nerves,  ac- 
cording to  the  measure  of  its  intensity  and  jieriod.  <>ut  of  those 
effects,  out  of  the  sensory  impulses  to  which  the  several  vibra- 
tions thus  give  rise,  are  generated  our  sensations  of  the  noise  or 
of  the  sound. 

The  vibrations  of  a  musical  sound  (and  since  noises  are  so  im- 
perfectly understood,  we  may,  witli  beneGt,  chiedy  confine  our- 
selves to  musical  sounds),  as  they  pass  through  the  air  for  other 
medium)  are  not  discrete;  the  vibrations  corresponding  to  the 
fundamental  tone  and  overtones  do  not  travel  as  so  many  separate 
waves;  they  altogether  form  one  complex  disturbance  of  the 
medium  ;  and  it  is  as  one  compo^iie  wave  that  the  sound  falls  oai 
the  membrana  tympani,  and  passing  through  the  auditory  ap- 
paratus, breaks  on  the  termiualions  of  the  auditory  nerve.  And 
when  two  or  more  musical  sounds  are  heard  at  the  same  time, 
the  same  fusion  of  the  waves  occurs.  Since  we  can  distinguish 
several  tones  reaching  our  car  at  the  same  time,  it  is  clear  that 
we  must  possess  in  our  minds  or  in  our  ears  some  means  of 
analyzing  these  composite  waves  of  sound  which  fall  on  our 
acoustic  organs,  and  of  sorting  «»ut  iheip  constituent  vibrations. 

There  is  at  hand  a  simple  and  easy  physical  method  of  an- 
alyzing composite  sounds.  If  a  person  standing  bidbre  an  open 
piano  sings  out  any  note,  it  will  be  observed  that  a  number  of 
the  strings  of  the  piano  will  be  thrown  into  vibrations,  and  on 
examination  it  will  be  found  that  those  strings  which  are  thus 
set  going  correspond  in  pitch  U)  thefuodameutul  tone  and  to  tU% 
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several  overtones  of  the  note  sung.  The  note  sung  reaches  the 
strings  as  a  complex  wave.  l>iit  these  strings  are  ahle  to  analyite 
the  wave  into  iu  coosliluent  vibraLiou8,  each  string  taking  up 
those  vibratiuiis  and  ihuse  vibrations  only  which  belong  lo  the 
tone  given  torth  by  itself  when  struck.  If  we  suppose  that  each 
terminal  tibril  of  the  auditory  nerve  is  connected  with  an  organ 
so  far  like  a  piano-string  thai  it  will  readily  vibrate  in  response 
to  a  series  of  vibrating  impulses  of  a  given  period  and  to  none 
other,  and  that  wo  possess  a  number  of  such  terminal  organs 
sufficient  for  the  analysis  of  all  the  sounds  which  we  can  analyze, 
and  that  each  terminal  organ  so  atlect'ed  by  particular  vibrations 
gives  rise  to  a  sensory  impulse  and  thus  to  a  sensatiou  of  a  dis- 
tinct character — if  we  suppose  these  organs  to  exist,  our  appre- 
ciation of  sounds  is  in  a  large  measure  explained.  In  the  organ 
of  Corti  we  find  structures  the  arrangement  of  which  irresistibly 
suggeetB  to  us  that  these  are  the  organs  we  aru  seeking.  We 
have  only  to  suppose  thut  of  the  long  series  of  rods  of  Corti, 
varying  regularly  as  these  do  from  the  bottom  to  the  t<jp  of  the 
spiral,  in  length  and  in  the  span  of  their  arch,  each  pair  will 
vibrate  in  response  to  a  particular  tone,  and  the  whole  matter 
seems  explained.  But  the  more  the  subject  is  inquired  into,  the 
more  complex  and  difficult  it  appears;  and  we  are  obliged  to 
conclude  that  the  part  played  by  the  rods  of  Corti  is  only  a  sub- 
ordinate part  of  the  function  of  the  whole  organ  of  Corti. 

In  the  firet  place,  it  is  difficult  to  see  how  the  rods  of  Corti, 
even  if  they  are  thrown  into  vibration,  can  originate  sensory 
impulses,  for  the  tibrils  of  the  auditory  nerve  terminate  in  the 
inner  and  outer  hair-cells,  and  it  is  iu  these  cells,  and  not  along 
the  course  of  the  fibrils  as  they  pass  under  and  between  the  rods 
of  Corti,  that  the  sensory  impulses  must  begin.  In  the  second 
place,  the  variation  iu  length  of  the  fibres  along  the  series  is 
insufficient  for  the  work  assigned  to  them.  Morever,  they  ap- 
pear not  to  be  elastic.  Lastly,  they  are  wholly  absent  in  binis, 
who  very  clearly*  can  appreciate  musical  sounds.  This  last  fact 
proves  indubitably  that  the  rods  in  question  are  not  absolutely 
essential  for  the  recognition  of  tones.  In  the  face  of  these  diffi- 
culties it  has  been  suggeitted  that  the  basilar  membrane,  which 
is  present  in  birds  a.s  welt  as  in  mammals,  and  which,  being  tense 
radially  but  loose  longitudinally — i*.  e..,  along  the  spiral  of  the 
cochlea,  may  be  cousidcrcd  as  consisting  of  a  number  of  parallel 
radial  strings,  each  capable  of  independent  vibrations,  is  the 
Bought-for  organ  of  analysis ;  for  it  may  be  shown  mathemati- 
cally that  a  men)braue  so  stretched  in  one  direction  only  is 
capable  of  vibrating  in  such  a  manner.  And  the  radial  dimen* 
fiions  of  the  basilar  membrane  give  a  much  greater  range  of 
dilTerence  than  do  the  rods  of  Corti,  diminishing  iu  man  <Town- 
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wards  from  0.40r)  mm.  at  the  top  to  0.04125  mm.  near  the  bottom 
of  the  apiral,  whereas  the  difference  lo  length  of  the  latter  is 
simply  that  between  0.048  and  0.085  mm.  for  the  inner,  and 
between"0.019  and  0.085  for  the  outer  fibres.  According  to  this 
view,  a  particular  simple  vibration  reaching  the  acala  tympaui 
of  the  cochlea  throws  into  sympathetic  vibrations  a  small  portion 
of  thebusilar  membrane,  the  vibrations  of  which  in  turn  so  affect 
the  structures  overlying  it,  that  .sensory  impulses  are  generated. 
These  sensory  impulses  reaching  the  brain  give  rise  to  a  corre- 
sponding sensation  of  a  particular  tone. 

The  remarkable  reticular  membrane  which  has  such  peculiar 
relations  with  the  hair-cells,  and  through  them  with  the  basilar 
membrane,  must,  one  might  imagine,  have  flf)me  special  function  ; 
but  it  is  impossible  at  present  to  assign  to  it  any  satisfactory  duty. 
The  structural  arrangements  seem,  if  anything,  to  indicate  that 
when  a  segment  of  the  basilar  membrane  is  thrown  into  vibra- 
tions, the  overlying  hair-cella,  reticular  membrane,  and  rods  of 
C-orti  vibrate  en  niasgr  together  with  it.  But  this  renders  the 
whole  matter  still  more  difficult.  Indeed  the  whole  subject  is  in 
the  highest  degree  obecure,  and  the  most  we  can  say  is  that  the 
organ  of  Corti  us  a  whfde  seems  to  be  in  some  way  connected 
with  the  appreciation  of  tones,  but  that  at  present  it  is  very 
hazardous  to  attempt  to  explain  how  it  acta,  or  to  assign  par- 
ticular functions  to  particular  parts.  The  distinction  between 
the  inner  and  outer  hair-cells  seems  to  be  very  parallel  to  that 
between  the  rods  and  the  cones  of  the  retina;  but  even  this 
analogy  may  be  a  fallacious  one. 

It  has  been  observed  that  among  the  auditory  hairs  of  the 
Crustacea,  some  will  vibrate  to  particular  notes ;  but  the  audi- 
tory hrtirs  of  the  mammal  are  far  too  much  of  the  same  length 
to  permit  the  HUppositiou  that  they  can  act  as  organs  of  analysis. 

If  the  organ  of  Corti  is  the  means  by  which  we  appreciate 
tones,  it  is  evident  that  by  it  also  we  must  be  able  to  estimate 
loudness,  for  the  quality  of  a  musical  sound  is  dependent  on  the 
relative  intensity,  as  well  as  on  the  nature  of  the  overtones.  And 
since  noise  is  at  best  but  confused  music,  the  cochlea  must  be  a 
means  of  appreciating  noises  as  well  as  sounds.  But  this  would 
leave  nothing  whatever  for  the  rest  of  the  labyrinb  to  do  in 
respect  to  the  appreciation  of  sound  save  so  far  as  the  difference 
in  structure  between  the  hair-cells  of  Corti,  with  their  short  thick 
rods,  and  the  hair-beuring  structures  in  the  macul^e  and  crietie 
with  their  thin  delicAte  hairs,  may  possibly  indicate  a  difference 
of  function,  the  latter  being  more  susceptible  to  the  irregular 
vibrations  of  noises.  That  the  vestibule  and  semicircular  canals 
are  however  concerned  in  hearing  is  shown  by  its  being  the  only 
auditory  organ  in  the  ichthyopsida,  unless  we  su^i^^oac  v!a"a\. 
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ve  regard  as  caused  by  some  object  on  the  right-hand  aide  of  our 
external  viisiblc  world.  In  a  similar  way,  but  to  a  leas  extent^ 
we  project  our  auditory  seneutions  into  the  world  outside  us,  and 
wheu  ihe  auditory  oerve  is  ad'ected  we  seek  the  cause  in  vibra- 
tions starting  at  a  greater  or  less  distance  from  us.  We  do  not 
think  <ft'tbe  sound  as  origiuating  in  the  ear  itself. 

This  ment-al  projection  of  the  sound  is  much  moro  complete 
wheu  the  ear  is  stimulated  by  vibrations  reaching  it  through  the 
meinbrana  tympani  than  wheu  the  vibratiuns  are  conducted  by 
the  solids  of  the  head  directly  to  the  perilymph  of  the  labyrinth. 
When  the  meatus  extertius  is  Blled  with  nuid  and  the  vibrations 
of  the  membrana  tyrapani  are  in  consequence  interfered  with,  the 
apparent  outwardness  of  sounds  is  to  a  very  large  extent  lost ; 
Bounds,  however  caused,  seem  under  these  circumstances  to  arise 
in  the  ear.  Hence  it  would  seem  that  the  vibrations  of  the  mem- 
brana tympuni,  or  possibly  the  action  of  the  muscles  attached 
to  the  ossicula,  give  rise  to  obscure  sensations  of  which,  by  them- 
selves, we  are  not  distinctly  conscious,  but  which  nevertheless 
lead  us  to  judge  that  the  souuds  heard  by  means  of  the  tympanum 
come  from  (futaide  the  ear. 

Our  judgment  of  the  duianec  of  sounds  is  very  limited.  A 
sound  whose  characters  we  know  appears  to  us  near  when  it  is 
loud,  and  far  of*  when  it  is  faint.  A  blindfold  person  will  be 
uuable  to  distinguish  betAveen  the  diflfercnce  of  intensity  produced 
on  the  one  hand  by  a  tuning-fork  being  held  before  him,  lirst 
with  the  broad  edge  of  the  fork  toward  him  and  then  with  the 
narrow  edge,  and  the  diflerence  on  the  other  hand  caused  by  the 
removal  of  the  tuning-fork  to  a  distance.  We  can  on  the  whole 
better  appreciate  the  distance  of  noises  than  of  musical  sounds. 

Our  judgment  of  the  direction  of  sounds  is  also  very  limited. 
Our  chief  aid  in  this  is  the  p(«ition  in  which  we  have  to  place 
the  head  in  urder  that  we  may  hear  the  sound  to  the  best  ad- 
vantage. If  a  tuning-furk  be  held  in  the  median  vertical  plane 
over  the  head,  though  it  is  easy  to  recognize  it  as  being  in  the 
median  plane,  it  becomes  very  difficult  when  the  eves  are  shut  U> 
say  what  is  its  position  in  that  plane — i.  e.,  whetber  it  is  more 
towards  the  front  or  back  of  the  head.  In  this  respect,  too,  our 
appreciation  is  more  accurate  in  the  case  of  noises  than  of  musical 
sounds,  with  the  exception  of  those  given  out  bv  the  human 
voice,  the  direction  of  which  can  be  judged  better  than  even  that 
of  a  noise. 
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Sec,  2. — Shell. 
[I^ysiolopical  Atiai<ymy  of  ike  Nasal  FosacB. 

The  uasal  fbesiu  are  two  irregular  cavities  whidi  comtuunicale 
anteriorly  with  the  air,  throvigh  the  anterior  narea  and  poateriorly 
with  the  pharynx  through  the  posteriur  oares.  The  ibeese  are 
partially  divided  into  upper,  middle,  and  lower  air-paseeges  or 
chambers  by  the  sufierior,  middle,  and  inferior  turbinated  Donea, 
They  are  lined  by  the  Schueiderian  or  pituitary  mucous  mem- 
brane, which  is  continuous  anteriorly  with  the  integument  and 
posteriorly  with  the  mucous  membmuc  of  the  pharynx ;  and 
with  the  membrane  lining  the  ducts  and  sinuses  connected  with 
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313.— Vurtli-al  SefUuU  r.f  Itl«}il  Nan]  K*«h, 
lofc  outer  nUlti  of  KiM«i.  t,  ul&<-l<jry  trarl ;  2, 
oirs«.*^>ry  uotTM;  '.\,  niiil<l1(«  turliliwlMl  Imiik' ;  i,  lowur 
tartiliMl«d  Ujqo;  6.  ^nlIKh•!<l  tr<>ni  this  SrUi  ucnw. 
ArKoettfw  of  th«  flflli  ar*  lUau  «buvm  lu  tlw  aui«Hvr 
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tlo.  Slf. — UelUuf  Ui0  Olliictory  llun>iu  Mt>iiibmii4>,    n,  b,  e,  anttr  nclmllni;  d,  #,/,  sllttr 
LockluLTt  CUrke. 

the  fossse.  At  the  position  of  the  distribution  of  the  olfactory 
nerve-filamenta  it  is  nuu»h  thicker,  more  vascuiar,  pigmented,  and 
lined  by  columnar  nucleated  epithelium  cells;  the  remaining 
portion  of  the  membrane  covering  the  fossie,  excepting  near  the 
anterior  narea,  is  lined  by  columnar  ciliated  epithelium.  This 
membrane  contains  racemose  mucous  glands,  which  secrete  mucus 
for  the  purpose  of  keeping  the  membrane  constantly  moist,  which 
la  a  cunditiou  essential  to  perfect  olfaction. 


668 


HEARING,  SMELIi,   AND    TASTE 


The  olfactory  tract  is  a  prolongation  of  the  cerebrum,  which 
terminates  anteriorly  in  a  bulbous  expausion.  the  olfactory 
gauglion.  It  consists  principally  of  gray  matter.  This  ganglion 
refits  upon  the  cribriform  plate  of  the  ethmoid  boue,  aurl  in  this 
position  semis  about  twenty  filaments,  which  consist  of  gray 
matter  alone,  thrrmgh  the  cribriform  plate  to  be  distributed  to 
the  pituitary  membrane  of  the  upper  third  of  the  septum  naai,  the 
up|)or  portion  of  the  roof  of  the  nose,  the  superior,  and  a  portion 
of  the  middle  turbinated  bones.  (,Fig.  213. )  The  whole  surface 
correapondiug  to  the  diatribuliou  of  the  olfactory  nerve  is  colored 
brownish  by  the  pigment  in  the  epithelial  cells  of  the  mucous 
glands  and  membrane.  This  pigmented  region  is  called  the 
reffio  olfaciorUi,  and  is  the  essential  |)ortion  of  the  nasal  fosBS 
concerned  in  olfaction. 

According  to  Schultze,  the  epithelium  of  the  regio  olfacloria  is 
of  two  kinds:  the  first  (Fig.  214,  a)  consists  of  yellow  nucleated 
protoplabuiic  cells,  which  have  a  cylindrical  body  terminating 
at  its  free  extremity  as  a  wpiared  tnincAted  surface;  the  other 
extremity  of  the  body  is  stretched  out  as  a  filamentous  prolonga- 
tion, which  expands  into  a  triangular  plate  as  it  approaches  the 
submucous  tissue.  From  the  base  of  tnis  plate  a  number  of  fila- 
ments are  given  olf,  which  are  prolonged  into  the  submucous 
tissue.  The  second  variety  of  epithelium  cells  (c)  is  found  at  the 
borders  of  the  regio  olfacloria.  They  are  similar  to  those  just 
described,  excepting  that  their  free  surface  is  covered  with  cilia. 
Between  the  epithelium  cells  the  olfact«iry  nerves  terminate. 
These  terminal  filamenlis  (6/)  are  long  delicate  structures,  which 
have  a  number  of  fusiform  expansions  along  their  course  ;  in  the 
largest  expansion  is  found  an  oval  nucleus.  The  terminal  fila- 
ments are  called  the  olfactory  celU,  As  yet  no  connection  between 
the  subepithelial  and  interepithelial  nerve-filaments  has  been 
demonstrated.  The  epithelial  cells  (d  and  e)  in  the  above  figure 
are  shown  connected  with  the  subepithelial  tissue.  The  fifth 
nerve  supplies  the  foeste  with  sensory  filaments.] 

Odorous  particles  present  in  the  inspired  air  passing  through 
the  lower  nasal  chambers  diffuse  into  the  up]>er  nasal  chambers, 
an<l  fulling  on  the  olfactory  epithelium  produce  sensory  impulses 
which,  ascending  to  the  brain,  give  rise  to  sensations  of  smell. 
We  may  presume  that  the  sensory  impulses  are  originated  by 
the  contact  of  the  odorous  particles  with  the  peculiar  rod-shapetl 
olfactory  cells  described  by  Max  8chulty.e;  out  we  are  as  much 
in  the  dark  about  this  matter  as  about  the  development  of  visual 
sensory  impulses  in  the  rods  and  cones  or  of  auditory  sensory 
impulses  in  the  organ  of  Corti. 

The  subsidiary  apparatus  of  smell  is  exceedingly  meagre.  Bv 
the  forced  nasal  inspiration  called  sniffing,  we  draw  air  so  forci- 
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bly  through  the  nostrilB  that  currents  pass  up  into  the  upper 
well  as  the  lower  ntuuil  chambers  ;  and  thus  a  more  completf 
contact  of  the  odorous  partii^tes  with  the  olfactory  membran< 
than  that  supplied  by  mere  difliision  is  provided  for. 

We  have  every  reason  to  think  that  any  atimulua  applied  to 
the  olfacturv  nerve  M-ill  produce  llie  seuHatiou  uf  smell ;  nut  the 
proof  of  thiH  i.s  not  so  clear  aa  in  the  case  of  the  optic  and 
auditory  nerves.    We  are,  however,  subject  to  sensations  of  smell 
not  caused  by  objective  otlors.     The  olfactory  roembrane  is  the 
only  part  of  the  body  in  which  ndors  as  such  can  give  rise  to 
any  sensatious ;  and  the  Hemsntions  to  which  they  give  rise  are, 
always  those  of  smell.     The  mucous  membrane  of  the  nose  i8,( 
however,  also  an  instruraeut  for  the  development  of  nfTereut  im- 
pulses other  than  the  specific  olfactory  ones.     ( 'heraic»d  stimula- 
tion of  the  olfactory  membrane  by  pungent  substances,  such 
ammonia,  gives  rise  to  a  !«ensation  distinct  from  that  of  smell,  a' 
seusulion  which  ntfords  us  no  information  concerning  the  chemi- 
cal nature  of  the  stimulus,  and  which  is  indistinguishable  from 
the  senHaiions  produced  by  chemical  aliniulation  of  other  parta^ 
of  the  nasal  membrane  aa  well  as  of  other  surfaces  equally  sen- 
sitive to  chemical  action.     It  is  probable  that  these  two  kinds  of 
sensations  thus  arising  in  the  olfactory  membrane  are  conveyed 
by  diflerent  nerves,  the  former  by  the  olfactory,  the  latter  by  the 
fifth  nerve. 

For  the  development  of  smell  it  appears  necessary  that  the 
odorous  particles  lAiould  bo  conveyed  to  the  nanal  membrane  in 
a  gaseous  tnedium,  or,  at  least,  that  the  surface  of  the  membrane 
should  not  be  exposed  at  the  same  time  to  the  action  of  fluids. 
Thus,  when  the  nostril  is  filletl  with  rose-water,  the  odor  of  roses 
is  not  perceived;  and  ctimj^ly  tiliing  the  nostrils  with  distilled 
water  suspends  for  a  time  all  Htiiell,  the  sense  reluming  gradually 
afler  the  water  has  been  removed  ;  the  water  apparently  acts  in- 
juriously on  the  delicate  olfactory  cells. 

Each  substance  that  we  smell  causes  a  specific  sensation,  and 
we  are  not  only  able  to  recognize  a  multitude  of  distinct  odors, 
but  also  to  distinguish  individual  odors  in  a  mixed  smell. 

Aa  io  the  previous  senses,  we  project  our  sensation  into  the  ex- 
ternal world;  the  smell  appears  to  be  not  in  our  nose,  but  some- 
where outside  us.  We  can  judge  of  the  position  of  the  odor, 
however,  even  leas  definitely  than  we  can  of  that  of  a  sound. 

The  sensation  takes  some  time  to  develop  after  the  contact  of 
the  stimulus  with  the  olfactory  membrane,  and  may  last  very 
long.  When  the  stimulus  is  repeated  the  sensation  very  soon 
dies  out — the  sensory  terminal  organs  speedily  become  exhausted. 
Mental  a^sociationn  cluster  more  strongly  round  sensations  of 
smell  than  round  any  other  irapreasiuns  we  receive  from  witbQ\i.U 
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And  reflex  eflfecU  are  very  frequeDt»  many  people  tainUDg  in 
consetjHenee  of  the  contact  of  a  few  odorous  particJes  with  iheir 
olfactory  cells. 

Apparently  the  larger  the  surface  the  more  intense  the  sensa- 
tion; animals  with  acute  scent  having  a  proportionately  large 
area  of  olfactory  ruembrane.  The  quantity  nf  material  required 
to  produce  an  olfactory  senBation  may  be,  as  in  the  case  of  musk, 
almost  immeasurably  small. 

When  two  different  odors  are  presented  to  the  two  Doetrils,  an 
oscillation  of  sensation  similar  to  that  spoken  of  in  binocular 
vision  (p.  644)  takes  place. 

The  assertion  that  the  olfactory  nerve  is  the  nerve  of  smell 
has  been  disputed.  Cases  have  been  recorded  of  persons  who 
appeared  to  have  possessed  the  sense  of  smell,  and  yet  in  whom 
the  olfactory  IoIigb  were  found  after  death  to  be  absent.  Direct 
ex[)eriiueats  on  animals,  however,  show  that  loss  of  the  olfactory 
lubes  eutails  loi^  of  nuiell.  On  the  other  hand,  it  is  stAted  that 
section  or  injury  of  the  fifth  nerve  causes  a  loss  of  smell  though 
the  olfactory  nerve  remains  intact,  but  in  these  ca^es  it  has  not 
l>een  shown  that  the  olfactory  roonibrane  remains  intact,  and  it 
is  quite  possible  that,  as  in  the  case  of  the  eye.  changes  may 
take  pla(*e  in  the  nasal  membrane  as  the  result  of  the  injury  to 
the  fifth  nerve,  sufficient  to  prevent  its  performing  its  usual 
functions. 

8ec.  3.— Taste. 


[physiological  Anatomtf  of  the  GuMatory  Mucous  Membrane^ 

The  peripheral  organs  concerned  in  the  sense  of  taste  are 
localized  in  the  mucous  membrane  covering  the  dorsum  of  the 
tongue,  the  fauces,  soft  palate,  and  uvula,  and  possibly  a  portion 
of  the  upper  part  of  the  pharynx.  This  membrane  is  analogous 
in  structure  to  other  membranes  of  its  type,  except  on  the  dorsum 
of  the  tongue,  where  its  structure  is  similar  to  that  of  the  integu- 
ment. At  this  (Mffiition  it  consists  of  a  contxm,  with  &  papillary 
and  a  8U[>erHcial  ejnthtlial  layer. 

The  structure  of  the  rorium  is  similar  to  that  of  the  skin,  but 
is  thinner  and  less  compact.  It  serves  as  a  point  of  insertion  of 
the  muscular  fibres  of  the  tongue. 

'Ihc  papi/liP  are  thickly  distributed  over  the  whole  dorsal  sur- 
face, but  more  particularly  marked  in  the  anterior  two-thirds. 
They  project  as  minute  promiuences,  which  give  the  tongue  a 
roughened,  characteristic  apjie-arance.  The  papillre  are  of  two 
kintls,  lUesiinplt'  and  compound.  The  simple  papillie  are  similar  to 
th<«e  found  in  the  skin ;  they  are  found  scattered  over  the  whole 
dojval  surface,  between  the  compound  papillae.    They  are  most 
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numerouB  in  the  posterior  [M>rtion  of  the  organ.  The  cfimpounH 
papiihe  are  of  three  varieties;  the  papilhi'  maxim:i*  or  circuni- 
valhitje,  the  pupilhe  luedim  or  I'uiigifornieti,  tuul  the  papilUe 
mioimie  or  filiformos. 

Thepapiilie  circumvalUtas  (Fig.  215),  which  are  the  largest, 
are  ahout  eight  or  ten  iu  number  and  form  a  V-8haped  row  at 

Pig.  216. 


VuiiTiCAi.  Wwiiiiii  01  Tim  <'ia»'rMv,^inTi  pATtUM.    From  KmunRit. 
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(•»ptlUi  ftptt  w&ll  a|>rMwlfny  t«warfl»  Uio  Mirfive  :  e,  tht  wtmaibuy  \<^\UUit,     'f . 

the  junction  of  the  middle  and  posterior  two-thirds  of  the  tongue. 
They  conaidt  of  a  ceutml  broad  papilla,  Hurrouuded  by  an 
annular  ring  or  wall  of  about  the  Hame  elevation,  and  separated 
from  the  centre  papilla  by  a  circular  Bsaure.  The  central 
papilla,  as  well  an  the  surrounding  wall,  is  covered  by  simple 
papill.'i?.  Each  of  theru  receives  one  or  more  capillary  loops 
and  nerve-filaments. 

Fio.  216. 
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A,  U>«  nirfiuw  of  «  faagirttrax  piH>lIUu  i«rtl«lljr  tlcmiiliNl  uf  it*  upilliHtuin.  y  ;  «,  epIUi*- 
Hum ;  B,  Wi'tkiii  of  «  riin^furm  |«(illln  w|||i  ilm  tlucMlvMwIo  iiU<H'to<l ;  a,  •rlKr;  ;  r,  ViOli ; 
r,  n*tiillur>-  Um\m  ft  xlinplf  iMpilla-  In  thi^  liitlghlKirlug  fltructitn;  af  tlui  (mii^k*. 

The  papilltz  fungiformci  (Fig.  210)  are  found  principally  on 
the  tip  and  sides  of  the  tongue,  although  scattered  sparsely  q.^«£.x 
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the  whole  of  the  anterior  two-thirds.  These  are  bo  named  from 
their  fungiform  shape,  being  expanHcii  at  their  free  extremity 
and  projecting  on  a  ahurt  thick  pedicle.  They  are  covered  by 
simple  papiihe,  and  contain  plexuses  of  vessels  and  nerveo. 

Fio.  217. 
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A,  Vnrti<.ml  aticUiiii  urmt  lli«  niliMI«  uf  Ihv  durml  trtrftiMaf  the  tutigw.' ;  n,  «,  tan0k 
iwitlllw ;  b,  filirunii  i«i|illltt>,  with  tlinlr  h*trll1(ii  [irmiuw;  >\  nlmilnr  unten  Ui^vaJ  of  tMn 
^(tliticltfim;  ni«4^iiA(i]  2  •lliua«rcn>. 

Ht  f\\\(t>rm  ci;tti|HKiit(l  fHipllttv;   a,   iirt«r5' ;  r,  «»[n ;  c,  oMitJIlary   l«iup«  of  t)i« 
|U)ini«  ;  h,  lliit>  uf  lAiKiiiFtit-niiriutinin*' ;  *f,  am-unilrtr)^  |«|»lllir,  tlt>|(rtTr«l  >«€  «,  «,   Itia  «>| 
Ihlin  ;  /,  hi»lrll>i<>  |>iir  ••«••«  of  r]>|t)i<<|Iam  t-applhg  ihv  iillti)>lr  |M|>iUx.  Uia^liiAeil  'Si' 
g,  wjKiralnil  niirli<aNn|  |Mirlii  Uw  irt  r|iltl)pl(nm,  ninfpilllntl  iUMi  (liai)irri<rH. 

1,  3,  liAi[>  Toiimt  Ml)  lUf  tMtftuK  i<r  tli«>  timifiio  :  .1,  •!,  r>.  f>ii<U  i>f  ))iilr1ik«<  i>|4llH>1lal  ptx^ 
fNWA,  aliimhiit  ««r1«^tl*M  III  th"  iiulii-lrntcHl  Brru>t(4fnoiit  uf  Utv  |«irli'-|i^,  l>m  tii  «)1 «  rnalw 
nmct>  iiT  Iho  jMrltrtn  luwimh  the  piilnt  fi,  anrl<aat  »  wait  hair,  tna^oilA*"!  1*0  itlMiMOm. 
Aftor  Topft  itt»d  JliiwiiAX. 

The  pnpUhr  fitiforme$  (Fig.  217)  arc  hy  far  the  most  numerous, 
and  are  found  thickly  distributed  over  the  entire  surface  of  the 
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anierior  two-thirds  of  the  ton^e.  They  are  miDUte,  conical  iu 
Mhape,  and  generally  arranged  iu  bipenniforra  rows,  which  are 
more  or  lesd  parallel  witli  the  two  rowsot*  jmpillo^  circumvallata'. 
Their  free  aurt'ace  is  coveretl  with  tiiiiiple  |>apillio.  The  epitho- 
lium  covering  ihem  is  greatly  ruiKliBed,  and  appears  iu  the  form 
of  baillike  processes.  (Fig.  217.)  These  processes  are  bathed 
in  mucus,  are  movable,  and  have  a  general  inclination  pointing 
backwards.  The  existence  of  these  hairlike  processes  on  the 
iiliform  papiihe  suggests  that  this  variety  of  papillu*  is  intimately 
connected  with  the  tactile  sensibility  of  the  tongue,  and  not  with 
gustation.  In  carnivora  and  herbivora  these  processes  are  of  a 
horny  structure,  and  |>erform  uu  active  fuuctloii  in  the  attrition 
and  prehension  of  fo«xl.  In  man  their  special  function  appears 
through  their  intimate  connection  with  the  tactile  sense,  to  guide 
the  tongue  in  its  variable  and  complicated  movements. 

The  ultimate  terminations  of  the  gustatory  nerves  are  yet 
enveloped  in  obscurity.  According  to  Eugelmann,  the  glosso- 
pharyngeal nerves  terminate  in  fiask-sha{>e4i  organs,  which  are 
termed    the   gudatory  buibs  or  taste  buds,     (Fig.  218.)     These 

Fio.  218. 
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bulbs  are  found  principally  in  the  papillary  surface  of  the  wall 
of  the  circumvallate  papilla.  They  are  also  found  in  the  fungi- 
form papillie,  but  are  leas  numerous.  They  consist  of  a  flask- 
shaped  fundus,  which  rests  up(m  the  subepithelial  tissue,  and  a 
mouth  which  o|>ens  upon  the  surface  of  the  mucous  membrane. 
The  mouth  is  knuwn  as  the  r/tigtahry  pore.  The  fundus  of  the 
flask  is  composed  of  two  varieties  of  cells;  the  outer  or  inoeMing 
ce/^  are  fusiform,  nucleated,  and  granular,  placed  parallel  and 
arrange*]  concentrically  in  a  direction  fnmi  the  ha.se  t-o  the  neck, 
they  thus  form  a  wall  which  encloses  elongated  nucleated  cells 
with  filamentous  processes,  which  extend  throuj^h  the  gustatory 
pore  and  project  as  very  finely  pointed  or  truncated  exu<iXMvNlvvA. 
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Tbeee  Laner  cells  are  called  the  gxittatory  cdUy  and  are  euppgeod 
to  be  the  essential  terminal  elements  concerned  in  gustation. 
Their  relation  to  the  gustatory  nerves  has  not  as  yet  been  clearly 
tlemonstrated,  but  they  are  evidently  conuected  with  the  gan- 
glionic plexuses  of  nerve-fibres  at  the  papillary  bases.  The 
gustatory  nerves  are  also  supposed  to  terminate  in  the  epithelium 
uf  the  papillae.] 

The  word  taste  is  frcqueutly  used  when  the  word  smell  ought 
to  be  employed.  We  speak  of  "  tasting"  odoriferous  substances, 
such  as  an  onion,  wines,  etc,  when  in  reality  we  only  smell  ihein 
Rfl  we  hold  ihem  in  our  mouth  ;  this  is  proved  by  the  fact  that 
the  80-calted  taste  of  these  things  is  loi^L  when  the  nose  is  held, 
or  the  nasal  merabnine  rendered  inert  by  a  catarrh. 

The  terminal  organs  of  the  sense  of  taste  thus  more  strictly 
defined,  are  the  endings  of  the  gloesopharyngeal  and  lingual 
nerves  in  the  mucous  membrane  of  the  tongue  and  palate,  those 
nerves  serving  as  the  special  nerves  of  taste.  Whether  the  so- 
called  gustatory  buds  can  be  regarded  as  specific  organs  of  taste, 
appears  doubtful.  The  svibsidiary  apparatus  is  confined  to  the 
tongue  and  lips,  which  by  their  movements  assist  in  bringing 
the  sapid  substances  into  contact  with  the  mucous  membrane  of 
the  mouth. 

Though  we  can  hardly  be  said  to  project  our  sensation  of  taste 
into  the  external  world,  we  assign  to  it  no  subjective  localization. 
When  wc  place  quinine  in  our  mouth,  the  resulting  sensation  of 
taste  gives  us  uo  information  as  to  where  the  quinine  is,  though  we 
may  learn  that  by  concomitant  general  sensations  arising  in  the 
buccal  mucous  membrane. 

We  recogni/.e  a  multitude  of  distinct  tastes,  which  may  be 
broadly  clarified  into  acid,  saline,  bitter,  and  sweet  tastes. 
Sapid  .'^uhstances  have  the  power  of  producing  these  sensations 
by  virtue  of  their  chemical  nature.  But  other  stimuli  wilt  aleu 
give  rise  to  sensations  of  taste.  When  the  tongue  is  tapped,  a 
taste  is  felt,  and  when  a  constant  current  is  passed  through  the 
mouth,  an  alkaliue  or,  in  some  persons,  a  bitter  metallic  taste  is 
develo[>ed  when  the  anode,  and  an  acid  taste  when  the  kathode, 
is  placed  on  the  tongue.  It  is  probable  that  in  these  cases  the 
terminal  organs  are  indirectly  affected  by  the  current.  When 
hot  or  pungent  8ul)stances  are  introduced  into  the  mouth,  sensa- 
tions of  general  feeling  are  excited,  which  ol«cure  any  strictly 
gustatory  sensations  which  may  be  present  at  the  same  time. 

Though  analogy  would  lead  us  to  8Up[>ose  that  a  sliroulus 
applied  to  any  [mrt  of  the  course  of  the  real  gustatory  fibr«e  of 
either  the  glos^jopharyngeal  or  lingual  nerves,  would  give  rise  to 
a  sensation  of  taste  and  nothing  else,  the  proof  is  not  forthcom- 
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ing;  since  both  these  nerves  are  mixed  nervee  coatainiag  other 
afferent  fibres  aa  well  as  thoee  of  taste. 

Whcu  the  constant  current  is  used  as  a  means  of  exciting  taste, 
gustatory  sensations  are  found  to  be  developed  in  the  back,  edges, 
and  tip  of  the  tongue,  the  soft  palate,  the  anterior  pillar  of  the 
fauces,  and  a  small  tract  of  the  posterior  part  of  the  Imrd  palate. 
They  are  absent  from  the  anterior  and  middle  dorsal,  and  under 
surface  of  the  tongue,  the  front  portion  of  the  hard  palate,  the 
posterior  pillars  of  the  fauces,  the  gums,  and  the  lips.  Sapid 
substances  are  unsuitable  as  a  test  for  this  purpose,  on  account 
of  their  rapid  diffusion.  Bitter  substances  produce  most  effect 
when  placed  on  the  back  of,  and  sweet  substances  when  placed 
on  the  tip  of  the  tongue ;  but  the  tasting  power  of  the  tip  of  the 
tongue  varies  very  much  iu  different  individuals  and  in  many 
seems  almost  entirely  absent.  It  is  said  that  acids  are  best  ap- 
preciated by  the  edge  of  the  tongue. 

It  is  essential  for  the  development  of  taste,  that  the  substance 
to  be  tasted  should  be  dissolved ;  and  the  effect  is  increased  by 
friction.  The  larger  the  surface  the  more  intense  the  sensation. 
The  sensation  takes  some  time  to  develop,  and  endures  for  a 
long  time,  though  this  may  be  in  part  due  to  the  stimulus  re- 
maining in  contact  with  the  ternnnal  organs.  A  temperature  of 
about  -iC  is  the  one  most  favorable  for  the  production  of  the 
sensation.  At  temperatures  much  above  or  below  this,  taste  is 
much  impaired.  The  nerves  of  taste  are,  as  we  have  said,  the 
glossopharyngeal  and  the  lingual  or  gustatory.  The  former  sup- 
plies the  back  of  th*?  tongue,  and  section  of  it  destroys  taste  in 
that  region.  The  latter  is  distributed  to  the  front  of  the  tongue, 
and  section  of  it  similarly  deprives  the  tip  of  the  tfmgue  of  taste. 
There  is  no  reason  for  doubting  that  the  gustatory  fibres  in  the 
glossopharyngeal  are  proper  fibres  of  that  nerve;  but  it  has  been 
urged  by  many,  that  the  gustatory  fibres  of  the  lingual  are  de- 
rived fri>m  the  chorda  tympani,  and  that  those  fibres  of  the 
lingual  which  come  from  the  fifth  are  employed  exclusively  in 
the  sensations  of  touch  and  feeling;  the  evidence  in  favor  of  this 
view  is,  however,  inconclusive. 


CHAPTER    IV. 
FEELING  AND  TOUCH, 


Sec,  1. — General  Sensibility  axd  Tactilk  Perceptions. 

We  have  taken  the  foregoiDg  &enaes  first  in  the  order  of  dia- 
cuasion  on  account  of  their  being  eminently  specific.  The  eye 
srives  us  only  visual  ^en^tions,  the  ear  only  auditory  sensations. 
The  sensations  are  prmluced  in  ench  case  by  specific  stimuli — the 
eye  is  only  affected  by  light  and  the  ear  only  by  s<>und.  More- 
over, the  information  they  affonl  us  is  confined  to  the  external 
world;  they  tell  us  nothing  about  ourselves.  The  various  visual 
sensations  which  ariee  in  our  retina  are  reterre*!  by  us  not  to  the 
retina  irself,  hut  to  some  real  or  imaginary  object  in  the  world 
without  (including  as  part  of  the  exterual  world  such  portions 
of  onr  own  bodies  as  are  visible  tn  ourselves).  Such  aWi  with 
diminishing  precision  is  the  information  gained  by  hearing,  taste, 
and  umell. 

All  the  other  afferent  nerves  of  the  body,  centripetal  impulses 
along  which  are  able  to  affect  onr  coneciousness,  are  the  means 
of  conveying  to  us  information  concerning  ourselves;.  The  sen- 
sations, arising  in  them  from  the  action  of  various  stimuli,  are 
referred  by  us  to  apprupriale  parts  of  our  own  body.  When  any 
body  comes  in  contact  with  our  finger,  we  know  that  it  is  our 
finger  which  has  been  touched  ;  from  the  resultant  sensation  we 
not  only  learn  the  existence  of  certain  qualities  in  the  object 
touched,  but  we  also  are  led  to  connect  the  cognizance  "f  these 
qualities  with  a  particular  part  of  our  own  body. 

Like  the  more  specific  seuses  previously  studied,  the  sensfttioDs 
of  which  we  are  now  speaking,  and  wtiich  mav  be  referred  to  under 
the*  name  of  touch,  using  that  word,  for  llie  present,  in  a  wide 
meaning,  require  for  their  production  terminal  organs:  and  the 
chief  but  not  exclusive  organ  of  touch  is  to  be  found  in  the 
ej^idermis  of  the  skin  and  certain  underlying  nervous  structures. 
For  the  development  of  specific  tactile  sensations  these  terminal 
organs  are  as  essential  as  are  the  terminal  organs  of  the  eye  for 
sight  or  of  the  ear  for  hearing.  Contact  of  the  skin  with  a  hard 
or  with  a  hot  lio<ly  gives  rise  tti  a  <listinct  sensation,  whereby  wo 
rec<»gni;£e  that  we  have  touched  a  hard  or  a  hot  body.  But  the 
application  of  either  body  or  of  any  other  stimulus  to  a  nerve- 
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trunk  give  rise  to  a  sensation  of  general  feeling  only,  corresponding 
to  the  simple  sensation  of  light  which  is  pnKliiced  by  direct  stiin- 
ulatiun  of  the  optic  nerve.  We  have  no  more  tactile  perception 
of  a  body  which  is  in  contact  with  a  nerve-truuk  than  we  couhi 
have  visual  perception  of  any  luminous  object,  the  rays  proceeding 
from  which  were  stroug  euough  to  excite  sensory  impulses  when 
directcil  on  to  the  optic  nerve  instead  of  on  to  the  retina^  sup- 
poeiog  such  a  thing  to  be  possible.  It  is  further  characteristic 
of  these  ordinary  nerves  of  general  feeling,  that  the  sensations 
caused  by  any  stimulation  of  them  beyond  a  certain  degree  de- 
velop that  state  uf  consciousness  which  we  are  in  the  habit  of 
speaking  of  as  "  pain."  Putting  aside  the  general  feeling  which 
many  parts  of  the  eye  possess,  a  very  stroug  lumiuous  stimula- 
tion of  the  retina  is  required  to  produce  a  sensation  of  pain,  if 
indeed  it  can  be  at  all  brought  about ;  whereas  a  very  moderate 
stimulation  of  the  »kiu,  and  almcist  every  stimulation  of  an 
ordinary  nerve-trunk,  is  said  by  us  to  he  painful. 

Though  the  skin  is  the  chief  organ  of  touchy  the  mucous  mem- 
brane lining  the  various  passages  of  the  body  also  serves  as  an 
instrument  fur  the  same  sense,  but  only  for  a  short  distance  from 
the  respective  orifices.  We  am  recognize  hard  or  hot  bodies 
with  our  lips  or  mouth,  but  a  hot  liquid,  when  it  has  reached  the 
cuBophagUB  or  stomach,  simply  gives  rise  to  a  sensation  of  pain: 
we  cannot  distinguish  the  sensation  cause<l  by  it  from  the  sensa- 
tion caused  by  a  draught  of  a  too  acid  fluid. 

From  parts  and  tissues  of  the  body  other  than  the  skin  and  the 
portions  of  mucous  membrane  just  mentioned  we  have  obscure 
sensations  of  general  feeling,  by  which  we  arc  made  vaguely 
aware  of  the  general  condition  of  our  body,  though  our  iudgmeuts 
in  this  matter  are  chieily  intiuenced  by  what  we  shall  have  to 
3i>eak  of  directly  as  a  muscular  sense.  In  all  parts  of  the  body, 
however,  on  occasions  all  too  frequent,  this  general  feeling  may 
become  prominent  as  pain. 

The  fltiniuli  which,  when  applied  to  the  skin  give  rise  to  tactile 
|»erccptions  are  of  two  kinds  only  :  (1 )  mechanical — that  ia,  Iho 
contact  of  bodies  exerting  varying  degrees  of  pressure  ;  and  (2) 
thermal — i.  e,,  the  raising  or  lowering  of  the  temperature  of  the 
akin  by  the  approach  or  contact  of  hot  or  cold  bodies.  We  can 
judge  of  the  weight  and  of  the  temperature  of  a  body,  because 
we  can,  through  touch,  ]>eroeive  how  much  it  presses  when 
aIIowc<i  to  rest  on  our  skin  or  how  hot  it  is.  But  we  can  through 
touch  derive  no  other  perceptions  and  form  no  other  judgments. 
An  electric  shock  sent  through  the  skin  will  give  rise  to  a  sensa- 
tion, but  the  sensation  is  an  indefinite  one,  because  the  electric 
current  acts  not  on  the  terminal  organs  of  touch,  but  on  the  fine 
uerve-bnuiches  of  the  skin.     We  cannot  distinguish  the  sea^^^Wx 
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eo  caused  from  a  mechanical  prick  of  similar  intensity,  we  cannot 
perceive  that  the  aensatinn  is  caused  by  an  electric  current. 
Kirailarly  certain  chemical  substances,  such  as  a  strong  acid,  will 
give  rise  to  a  sensation^  but  we  cannot  perceive  the  acid,  we  can 
form  no  judgment  uf  its  nature  such  as  we  could  if  we  ta£ted  it ; 
and  if  the  acid  does  not  permeate  the  skin  so  as  to  act  directly 
and  chemically  on  the  Hue  nerve-Hbres,  we  cannot  distiDguisn 
the  acid  from  any  other  liquid  giving  rise  to  the  same  simple 
contact  impressions.  The  teruiinal  organs  of  the  ekin  ar«  uuch 
as  are  only  affected  by  pressure  or  by  temperature.  C-onverBely 
pressure  or  a  variation  in  temperature  brought  to  bear  on  a  nerve- 
trunk,  instead  of  on  the  terminal  organs,  produces  no  specific 
tactile  senantions  of  pressure  or  temperature,  but  merely  general 
geusatious  of  feeling  rapidly  rising  into  pain. 


Sbo,  2. — Tactile  Sewsationb. 


Sensationa  of  Pre^mre, 

As  with  visual,  so  with  tactile,  and,  indeed,  with  all  other 
sensations,  the  intensity  of  the  sensation  maintains  that  general 
relation  to  the  intensity  of  the  stimulus  which  we  spoke  of  at 
p.  614  ns  being  formulated  under  Weber's  law.  We  can  distin- 
guiah  the  difference  of  pressure  between  one  and  two  grammes 
as  readily  as  we  cau  that  between  ten  and  twenty  or  one  nuudred 
and  two  hundred. 

When  two  sensations  follow  each  other  in  the  same  spot  at  a 
sufficiently  short  interval,  they  are  fused  into  one;  thus,  if  the 
finger  be  brought  to  bear  lightly  on  a  rotating  card  having  a 
scries  of  holes  in  it,  the  holes  cease  to  be  felt  as  such  when  they 
follt>w  each  other  at  a  rapidity  of  about  l/)00  in  a  second.  The 
vibrations  of  a  cord  cease  to  be  appreciable  by  touch  when  they 
reach  the  same  rapidity.  When  sensations  are  gencratctl  at 
points  of  the  skin  too  close  together,  they  become  fused  into  one ; 
but  to  this  point  we  shall  return  presently. 

The  RciisfUion  caused  by  pressure  is  at  its  maximum  soon 
after  its  beginning,  and  thenceforward  diminishes.  The  more 
suddenly  the  pressure  is  increased,  the  greater  the  sensation; 
and,  if  the  increase  being  sufficiently  gradual,  even  very  great 
prcittture  may  be  applied  without  giving  rise  to  any  sensation. 
A  aensali'tn  in  any  spot  is  increased  by  contrast  when  the  sur- 
rounding areas  are  not  subject  to  pressure.  Thus,  if  the  Gugor 
be  dipped  into  mercury,  the  pressure  will  l>e  felt  most  at  the 
surface  of  the  fluid;  and,  if  the  tinger  be  drawn  up  and  down, 
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the  seneation  caused  wiU  be  that  of  a  ring  moving  along  tbo 
6nger. 

All  parts  of  the  skin  are  not  equally  sensitive  to  pressure; 
small  differences  of  simple  pressure  are  more  readily  appreciated 
when  brought  to  bear  on  the  palmar  surface  of  the  finger,  or  on 
the  forehead,  than  on  the  arm  or  on  the  aole  of  the  foot.  In 
making  these  determinations,  all  muscular  movements  should  iye 
avoided  in  order  to  eliminate  the  muscular  sense  of  which  we 
shall  speak  presently;  and  the  area  stimulated  should  be  as  small 
and  the  surfaces  in  contact  as  uniform  ns  possible.  In  a  similar 
manner  small  consecutive  varialioua  of  pressure,  as  in  counting 
a  pulse,  are  more  readily  appreciate*!  by  certain  parts  of  the 
skin  than  by  others;  and  the  minimum  of  pressure  which  can 
be  felt  differs  in  different  parts.  In  all  such  cases  variations  of 
presaurc  are  more  easily  distinguished  when  they  are  successive 
than  when  they  are  simullaueous. 


1 


tSt*/wtt(/oTiw  of  Temper  attire. 

When  the  temperature  of  the  skin  is  raised  or  lowered  in  any 
spot,  we  receive  sensations  of  heat  and  cold  respectively;  and  by 
these  sensations  of  the  temperature  of  our  own  skin  we  form 
judgments  of  the  temperature  of  bodies  in  contact  with  it. 
Bodies  of  exactly  the  same  temperature  as  the  region  of  the  skin 
lo  which  they  are  applied  produce  no  such  thermal  sensations, 
though  we  can,  from  the  very  absence  of  sensations,  form  a  judg- 
ment as  to  their  lemj>erature;  and  good  conductors  of  heat  appear 
respectively  hotter  and  colder  than  bad  conductors  raised  to  the 
same  temperature. 

We  may  consider  the  skin  as  having  at  any  given  time  and  in 
any  given  spot  a  normal  temperature  at  which  the  sensation  of 
temperature  is  at  zero;  for,  under  ordinary  circumstances,  we 
are  not  directly  conscious  of  the  temperature  of  our  skin  ;  it  is 
only  when  the  normal  temperature  at  the  s[)ot  is  raised  or  lowered 
that  we  have  a  sensation  of  heat  or  cold  respectively.  This  nor- 
mal lemperaturti  may  be  at  the  sjime  time  different  in  different 
parts  of  the  body ;  thuB>  at  a  time  when  neither  the  forehead  nor 
the  hand  ia  giving  rise  to  any  sensation  of  temperature,  we 
may,  by  putting  the  hand  U>  the  forehead,  frequently  feel  the 
former  hot  or  cold,  beauise  the  normal  temperatures  of  the  two 
parts  iliffer.  The  normal  temperature  in  any  spot  may  also  vary 
from  time  to  time.  Thus,  when  the  hand  is  placed  in  a  warm 
medium  for  some  time,  the  sensation  of  warmth  ceases;  a  new 
normal  temperature  is  established  with  the  zero  uf  sensation  at 
a  higher  level,  a  tlepreesion  or  elevation  of  this  new  temperuture 
giving  rise,  however,  as  before,  to  sensations  of  he^dX  -UbvA  i:^^ 
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respectively.  That  it  b  the  ohanged  condition,  and  not  the 
chiiiige  itseif,  of  which  we  are  conscious,  is  shown  by  the  fact 
that  when  a  portion  of  skin  la  cooled,  by  brief  contact  with  a 
cold  metal  for  inslanee,  we  are  still  conscious  of  the  spot  being 
cold  atler  the  cooling  agent  has  been  removed — that  is,  at  a  time 
when  the  cooler!  s[x>t  is  in  reality  being  heated  by  the  surround- 
ing warmer  tissues. 

The  change  in  temperature  of  the  skin  necessary  to  produce  a 
sensation  must  have  a  certain  rapidity ;  and  the  more  gradual 
the  change  the  less  intense  the  sensation.  The  repeated  dipping 
of  the  hand  into  hot  water  produces  a  greater  sensation  than 
when  the  hand  is  allowed  to  remain  all  the  time  in  the  water, 
though  in  the  latter  case  the  tem])erature  of  the  skin  is  most 
affected.  The  effects  of  contrast  are  also  seen  in  these  sensations 
a;^  in  th'ise  of  pressure. 

We  can  with  some  accuracy  distinguish  variations  of  tempera- 
ture, especially  those  lying  near  the  normal  temperature  of  the 
skin.  Tliese  seusalionB,  in  fact,  follow  Weber's  law,  though 
apparently  senaatious  of  slight  cold  are  more  vivid  than  those  of 
slight  heat,  the  range  of  most  accurate  sensation  seeming  to  lie 
between  27''  and  33°. 

The  regions  of  the  skin  most  sensitivo  to  variations  in  tempera- 
ture are  not  identical  with  those  most  sensitive  to  variations  in 
pressure.  Thus  the  cheeks,  eyelids,  temples,  and  lips,  are  more 
sensitive  than  the  hands.  The  least  sensitive  parts  are  the  legs, 
and  front  and  back  of  the  trunk. 

The  simplest  view  which  can  be  taken  with  regard  to  the  dis- 
tinction between  pro3sure  sensations  and  temperature  seosationa, 
and  which  in  i>iigge£ted  by  the  facts  just  mentioned,  is  to  suppoee 
that  two  distinct  kinds  of  terminal  organs  exist  in  the  skin,  one 
of  which  is  atfected  only  by  pressure,  and  the  othor  only  by 
variations  in  temperature;  and  that  the  two  kinds  of  peripheral 
organs  are  connected  with  different  pmrts  of  the  central  sensory 
organs  by  separate  nerve-fibres.  C-ertain  pathological  cases  have 
been  quoted  as  showing  not  only  that  thif*  is  the  case,  but  that 
the  two  seU  of  fibres  pursue  difierent  courses  in  the  spinal  cord. 
Thus,  in  certain  diseases  or  injuries  to  the  brain  or  spinal  cord, 
hypcriesthesia  as  regards  temperature  has  been  observed  unac- 
ctmipanied  by  an  augmentation  of  sensitiveness  to  pressure;  and, 
conversely,  instances  have  been  seen  where  the  patient  could  tell 
when  he  was  touched,  but  could  nut  distinguish  between  hot  and 
oold.  On  the  other  hand,  there  are  facts  which  show  a  c\<m 
dependence  between  the  sensatinns  of  pressure  and  temperature. 
Wtien  each  sUmuIus  is  brougbt  u^  bear  on  a  very  limited  ut*, 
the  two  sensations  are  frequently  confounded,  especially  in  thee* 
regions  ot  the  body  where  sensations  are  not  acute.    So,  also,  • 
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penny  cooled  down  nearly  to  zero  and  placed  on  ihe  forehead, 
will  be  judged  by  most  people  to  be  as  heavy  or  eveu  heavier 
than  two  pennies  of  the  temperature  of  the  forehead  itself;  and, 
conversely, a  IxkIv warmer  than  the  skin  will  often  appear  heavier 
than  a  body  of  the  same  weight  but  of  the  same  temperature  as 
the  akin.  Moreover,  cases  have  been  recorded  where  a  hot  body. 
Bueh  as  a  heated  spoon,  was  felt,  though  the  applicatiou  of  the 
same  spoon  at  the  temperature  of  the  body  produced  no  sensa- 
tions, and  yet  the  healed  ^poon  was  not  recognized  as  a  hot  body^ 
but  appeareil  to  be  simply  something  touching  the  skin.  It  may 
be  argued  that  these  inetaQces  show  nothing  more  than  that  the 
changps  in  the  skin,  whatever  ihey  be,  which  give  rise  to  sensa- 
tions of  pressure,  are  raodific<l  by  the  temperature  of  the  skin  for 
the  time  i>eing,  whereliy  the  judgment  an  to  the  pressure  which 
in  being  exerted  is  rendered  faulty  :  but  they  may  also  be  taken 
to  indicate  that  variations  in  pressure  and  temperature  aflect  the 
same  terminal  organs,  and  the  same  nerve-fibres,  though  affect- 
ing them  in  a  different  way  an*!  generating  nervous  impulses  so 
far  diflbrent  that  they  give  rise  to  difl'erent  sensations.  And  wo 
may  here  note  that  wo  certainly  cannot  speak  of  nerves  of  warmth 
in  the  same  senso  in  which  we  speak  of  nerves  of  sight  or  of 
hearing.  A  stimulus  tof  whatever  kind)  applied  to  an  optic  or 
auditory  nerve,  if  adequate,  gives  rise,  as  we  have  seen,  to  a 
sensation  of  light  or  of  sound  ;  a  stimulus,  on  the  other  hand, 
applied  to  the  trunk  of  a  cutaneous  nerve  gives  rise  only  to 
general  feoling  or  pain  ;  though  the  nerve  certainly  contains 
fibres  by  which  sensations  of  pressure  and  of  temperature  reach 
the  brain,  the  general  feeling  which  stimulaLiou  of  the  trunk 
causes  ia  akin  neither  to  sensations  of  pressure  nor  to  those  of 
warmth. 

The  rapidity  with  which  hot  or  cold  bodies  brought  into  con- 
tact with  the  skin  give  rise  to  sensations  of  temperature,  suggests 
that  the  terminal  appnratn?*  for  generating  tliese  sensations,  what- 
ever be  its  nature,  ie  placed  in  the  epidermis,  and  indeed,  as  near 
as  possible,  to  the  surface.  Pressure,  on  the  other  hand,  can  be 
readily  transmitted  through  eveu  a  thick  layer  of  skin.  And 
those  who  maintain  the  existence  of  diflerent  terminal  organs  fur 
pressure  and  tempcnilure,  regarrl  the  nerve-endings  in  the  epi- 
dermis as  the  latter  and  the  corpuscula  lactus.  end-bulbs  and 
allied  organs  as  the  former.  But  the  evidence  we  posfiess  cuu- 
cerning  this  matter  is  at  present  inconclusive. 
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Sec.  3. — Tactile  Perception8  and  Judombx'ds. 


When  a  body  preeseB  od  any  spot  of  our  i<kiD,  or  when  the 
tctn{>eraturc  of  the  skin  at  that  spot  is  raised,  we  are  not  only 
cooscioua  of  pressure  or  of  beat,  but  perceive  that  a  particular 
part  of  our  body  has  been  touched  or  heated.  We  refer  the  seB- 
satious  to  their  place  of  origin,  and  we  thus  by  touch  perceive 
ihe  relations  to  ourselves  of  the  body  which  gives  rise  to  the 
tactile  sensations,  in  the  same  way  as  in  our  visual  perception  of 
external  objects  we  refer  to  external  nature  the  sensations  origi- 
nutin(5  in  certain  parts  of  the  retina.  When  we  are  touched  on 
the  finger  an<l  on  the  back  we  refer  the  sensations  ti  the  6uger 
and  to  the  back  resfMfctively,  and  when  we  are  touched  at  two 
places  on  the  same  finger  at  the  same  lime  we  refer  the  sensations 
to  two  points  of  the  finf^er.  In  this  way  we  can  localize  our  sen- 
sations, and  are  thus  assisted  in  |>erceiving  the  Sf»acp  relations  of 
objects  with  which  we  come  in  contact. 

This  power  of  localising  pressure-sensations  varies  in  different 
parts  of  the  body.  The  following  table  from  Weber  gives  the 
dintance  at  which  two  points  of  a  pair  of  compasses  must  be  held 
apart,  so  that  when  the  two  points  are  in  contact  with  the  skin, 
the  two  consequent  sensations  can  be  localized  with  sufficient 
accuracy  to  be  referred  to  two  points  of  the  body,  and  not  con- 
founded together  as  one : 

Tip  <)f  tongue  .1.1 

rulm  of  last  phalnnx  of  Anger    .         .  2.2 

P&lm  of  second  fihalanx  of  Hni;er  .               4. 4 

Tip  of  nuee 6.6 

Wnilerairt  of  lips       ....  -8.8 

Back  of  second  plmlanx  of  flm-or  \\.\ 

Skin  uver  mulnr  bnnc  ...  15.4 

Buck  rtf  hftnd  .     20.8 

Forpnrm  ftO.fl 

Sternum  44.0 

Buck    .  66.0 

And  an  analogous  distribution  has  been  observed  in  reference  to 
the  loi'alization  of  sensations  of  tem|>erature.  As  a  general  rule, 
it  may  be  said  that  the  more  mobile  parts  are  those  by  which 
we  can  thue  diaoriminatc  sensations  most  readily.  The  lighter 
the  pressure  used  to  give  rise  to  the  sonsatious,  the  more  easily 
are  tw*»  stJOsations  disiingiiished  ;  thus  two  points,  which,  when 
touching  the  skin  lightly,  appear  as  two.  may,  when  finnly 
urea«*t'<l.  give  rise  to  one  sensation  only.  The  distinction  between 
senaatumsis  olwcureij  by  neighboring  sensations  arising  at  the 
a  ume.     Ihus  twu  points  brought  to  bear  within  a  ring  of 
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heavy  metal  pressing  on  the  skin,  nre  readily  confused  into  one. 
And  it  need  hardly  be  said  that  these  tactile  perception?,  like  all 
other  (Mirceptiuos,  are  immeu&ely  increased  by  exercise. 

Oup  "field  of  timch,"  if  we  may  be  alUtwed  the  eTpression,  is 
composed  of  tactile  areas  or  units,  in  the  same  way  that  our  lield 
of  vision  is  comptKScd  of  visual  areas  or  units.  The  tactile  sensa- 
tion is,  like  the  visual  sensation,  a  symbol  to  us  of  some  external 
event,  and  wc  refer  the  seusatiou  to  its  appropriate  place  in  the 
field  of  touch.  All  that  has  been  said  (p.  616)  concerning  the 
subjective  nature  of  the  limitB  of  visual  areas,  applies  equally 
well,  muiaiw  mytandUy  to  tactile  areas.  When  two  points  of  the 
compaMes  are  felt  as  two  distinct  sensations,  it  is  not  necessary 
that  two  and  only  two  nerve-fibres  should  be  stimulated  ;  all  that 
18  necessary  is  that  the  two  cerebral  sensation-areas  should  not  be 
too  completely  fused  together.  The  improvement  by  exercise  of 
the  sense  of  touch  must  be  explained  not  by  an  increased  de- 
velopment of  the  terminal  organs,  not  by  a  growth  of  new  nerve- 
fibres  in  the  skin,  but  by  a  more  exact  limitation  of  the  sensa- 
tional areas  in  the  braiu,  by  the  develnptnent  of  a  resistance 
which  limits  the  radiation  taking  place  from  the  centres  of  the 
several  areas. 

By  a  multitude  of  simultaneous  and  consecutive  tactile  sensa- 
tions thus  converted  into  perceptions  we  are  able  to  make  our- 
selves acquainted  with  the  form  of  external  objects.  We  can 
tell  by  variations  of  pressure  whether  a  surface  is  rough  or 
smooth,  plane  or  curved,  what  variations  of  surface  a  body 
preseDtfl,  and  how  far  it  is  heavy  or  light ;  and  from  the  infor- 
mation thus  gained  we  build  up  judgments  ns  to  the  form  and 
nature  of  objects,  judgments  however  which  are  most  intimately 
bound  up  with  visual  judgmeiiU,  the  knowledge  derived  by  one 
sense  correcting  and  comphting  that  obtained  by  the  other.  As 
in  other  senses  so  in  this,  our  sensations  may  mislead  us  and  cause 
us  to  form  erroneous  judgment!*.  This  is  well  illustrated  by  the 
so-called  ex|>enment  of  Aristotle.  It  is  impossible  in  an  ordinary 
position  of  the  fingers  to  bring  the  railial  side  of  the  middle  finger 
and  the  ulnar  side  of  the  ring  finger  to  bear  at  the  same  time  on 
a  small  object  such  lu*  a  marble.  Hence  when  with  the  eyes  shut 
we  cross  one  finger  over  the  other,  and  place  a  marble  between 
them  so  that  it  touches  the  radial  side  of  the  oue  and  the  ulnar 
side  of  the  other,  we  recognize  that  the  object  is  such  as  could 
not,  under  ordinary  conditions,  be  touched  at  the  same  time  by 
these  two  portions  of  our  skin,  and,  therefore,  judge  that  we  are 
touching  not  one,  but  two,  marbles.  Upon  repetition,  however, 
we  are  able  to  correct  our  judgment,  and  the  illusion  disapi^ears. 

Distinct  tactile  sensations  are,  as  we  have  seen,  produced  only 
when  a  stimulus  is  applied  to  a  terminal  organ.     WK^u  ^ftioaA^- 
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tioDB  or  affections  of  general  sensibility  other  than  the  distinct 
tactile  sensations  are  <1eve)i)p6(l  in  the  terntiuatiiin  of  a  nerve,  ne 
are  still  able,  though  with  lettg  exactitude,  to  refer  the  s^^nsation 
to  a  particular  part  of  the  body.  Thus,  when  we  are  pricked  or 
burnt»  we  can  feel  where  the  prick  or  burn  is.  When  a  sensory 
nerve-trunk  ia  stimulated,  the  sensation  is  always  referred  to  the 
peripheral  terntinations  of  the  nerve.  Thus,  a  blow  on  the  ulnar 
nerve  at  the  elbow  is  felt  Hs  a  tingling  in  the  little  and  ring 
fingers  corresponding  to  the  distribution  of  the  nerve,  and  eensa- 
tious  started  in  the  stump  uf  an  amputated  limb  are  referred  to 
the  absent  member.  When  ei)ld  is  applie<l  to  the  elbow,  it  is 
felt  aa  cold  in  the  skin  of  the  elbow ;  but  a  cooling  of  the  ulnar 
nerve  at  this  spot,  since  stimulation  of  a  nerve-trunk  gives  rise 
to  general  sensations  only,  simply  gives  ri^e  to  pain  which  ia 
referred  to  the  ulnar  side  of  the  han<l  and  arm. 


Sec.  4. — The  Muscular  Sense. 

When  we  come  into  contact  with  external  b^xlies.  we  are  con 
Bcious  not  only  of  the  pressure  exerted  by  the  object  on  our  skin, 
but  also  of  the  pressure  which  we  exert  on  the  object.  If  we 
place  the  hand  and  arm  flat  on  a  table,  we  can  estimate  the 
pressure  exerted  by  Imdies  resting  on  the  palm  of  the  hand,  and 
BO  come  to  a  conclusion  as  to  their  weights ;  in  this  case  we  are 
conscious  only  of  the  [trosaiire  exerted  by  the  body  on  our  akin. 
If,  however,  we  hold  tlie  body  in  the  hand,  we  not  only  feel  the 
pressure  of  the  body,  but  we  are  alst)  nware  of  the  muscular  ex- 
ertion required  U*  sufiport  and  litl  it.  We  possess  a  muscular 
sense;  and  we  find  by  cxiK»rioncc  that  when  we  trust  to  this 
muscular  sense  as  well  as  to  tiensatious  of  pressure,  we  can  form 
much  more  accurate  judgments  concerning  the  weight  of  biMlies 
than  when  we  rely  ou  sensations  of  pressure  alone.  When  we 
want  to  tell  bow  heavy  a  hotly  is,  we  ure  not  in  the  habit  of  al- 
lowing it  simply  U>  press  on  the  hand  laid  flat  on  a  table;  we 
hold  it  in  our  hand  and  lift  it  up  and  down.  We  appeal  to  our 
muscular  sense  to  inform  us  of  tue  amount  of  exertion  neceanrj 
to  move  it,  and  bv  ht'lp  of  that,  judge  of  its  weight.  And  iu  all 
the  movements  of  our  body  we  are  guided,  even  to  an  astonishing 
degree  of  accuracy,  as  is  well  seen  in  the  discussions  concerning 
vision,  by  an  appreciation,  more  or  less  distinctly  conscious,  of 
the  amount  of  ihe  contraction  u>  which  wo  are  putting  our 
muscles.  In  some  way  or  other,  we  are  maiie  aware  of  what 
particular  muscles  (»r  gnmps  of  muscles  are  being  thrown  inlii 
action,  and  to  what  extent  that  action  is  being  carried.  We  arc 
also  conscious  of  tlie  varying  conditiun  of  our  musclca,  even  mhm 
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they  are  at  rest;  the  tired  And  especially  the  paralyzed  limb  is 
said  to  "feel"  heavy.  In  this  way  tiic  state  of  our  muscles 
largely  determines  our  general  feeling  of  health  and  vigor,  of 
weariness,  ill-health,  ami  feebleness. 

It  has  hcen  suggested  that  since  muscle  possesses  little  or  do 
general  sensibility,  comparatively  little  pain  being  felt  for  in- 
stance when  muscles  are  cut,  our  muscular  sense  is  chiefly 
derived  from  the  traction  of  the  contracting  muscle  on  its 
attachments;  and  nmioubtedlv  in  many  instances  of  cramp,  the 
pain  is  chieHy  felt  at  the  joints;  and,  as  we  know,  Pacinian 
bodies  are  abundaut  around  the  Joints.  Aflereut  nerves,  how- 
ever, having  a  diffiTcntdiapttsitiot*  from  the  ordinary  motor  nerves 
which  terminate  in  enti  plates,  have  been  described  as  present  in 
muscle ;  and  analogy  would  tend  us  to  suppose  tliat  these  afferent 
iibres,  though  possessing  a  low  general  seuBibility,  might  be  easily 
excited  in  a  speciHc  manner  by  a  muscular  contraction  ;  but 
further  investigations  are  necessary  before  these  can  be  accepted 
as  the  true  nerves  of  the  muscular  sense. 

In  favor  of^  the  view  that  the  muscular  eense  is  peripheral  and 
not  central  in  origin,  may  be  urged  the  fact  that  the  sense  is  felt 
wlien  the  muscles  are  thrown  into  contraction  by  direct  galvanic 
stimulation  instead  of  by  the  agency  of  the  will.  Many  authors, 
even  while  admitting  the  existence  of  a  ujuscularsense  of  i>eriph- 
eral  orgin,  contend  that  we  also  possess  and  are  very  largely 
guided  in  our  movements  by  what  might  be  called  a  "neutral  " 
sense  of  central  origin.  That  in  to  say,  the  changes  in  the  central 
nervous  eyatem  involved  in  inlliating  and  carrying  out  a  move- 
ment of  the  body,  so  afft^ct  our  consciousness,  that  we  have  a 
sense  of  the  etfort  itself. 

It  has  been  observed  that  when  the  posterior  roots  are  divided, 
movements  become  less  orderly,  as  if  they  lacked  the  guidance  of 
a  muscular  sense;  and  although  the  impairment  of  the  move- 
menta  may  be  due  in  part  to  the  coincident  loss  uf  tactile  sensa- 
tions, it  is  probable  that  it  is  increased  by  the  loss  of  the  muscular 
sense.  There  is  a  malady  or  rather  a  condition  attending  various 
diseased  states  of  the  central  nervous  system  called  locomotor 
ataxy^  the  characteristic  feature  of  which  is  that,  though  there 
is  no  loss  of  direct  power  ovei  the  muscles,  the  various  bodily 
movements  are  effected  imperfectly  and  with  difficulty,  from 
want  of  proper  coordination.  In  such  diseases  the  pathological 
mischiff  is  frequently  found  in  the  posterior  columns  of  the  spinal 
cord  and  the  posterior  roots  of  the  spinal  nerves — ttiat  is,  in  din- 
tinctly  afferent  structures;  and  the  phenomena  seem  in  certain 
cases  at  least  to  be  due  to  inefficient  coordination  caused  by  the 
losa  both  of  the  muscular  sense  and  of  ordinary  tactile  sensations. 

OH 
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The  patients  walk  with  drfficuUir,  because  they  have  imperfect 
eenealioni  both  of  the  condition  of  their  muacles  ami  of  the  contact 
of  their  feet  with  the  ground.  In  many  of  their  movements  they 
have  to  depend  largely  on  visual  aensations ;  hence^  when  tbeir 
eyea  are  shut,  they  become  singuJarly  helpless.  In  other  case^ 
again  ataxy  may  be  present  without  any  iiiipairment  of  touch  ; 
but  a  diacti^ion  of  the  varied  pbeuomena  of  this  class  of  maladies 
cannot  be  entered  into  here. 


CHAPTER  V 


TEE  SPINAL  CORD. 

[The  Phyniohffical  Anatomy  of  the  Spinal  Cord. 

The  Bpinft]  cord  extends  from  the  foramen  magDum  to  the 
second  lumbar  vertebra.  Above,  it  is  cuutinuous  with  the  me- 
dulla ahlungftla;  below,  it  terrainateB  iu  »n  extremity  of  gray 
matter,  the  jUnm  terminnie^  which  lies  in  the  midal  of  a  number 
of  nervous  cords  that  form  the  ainda  equina. 

The  spinal  cord  is  a  long,  sijmewhat  flattened,  cylindriform 
body.  It  consists  of  a  central  portion  of  eray  matter,  which  is 
covered  by  longitudinal  strands  of  white  finrous  matter.  It  is  a 
bilateral,  syiuruetrical  organ,  the  halves  of  which  are  separated 
anteriorly  and  posteriorly  by  the  anterior  and  posterior  medi'tn 
fissures^  and  joined  in  the  middle  longitudinal  line  by  a  bund  of 
nervous  matter  which  is  termed  the  commijmtre  (Fig.  211)1.  The 
anterior  median  6s8ure  is  wider  and  shallower  than  the  posterior 
median  Osssure.  Each  half  of  the  cunl  is  marked  by  two  luu^i- 
tudiual  furrows,  from  which  emerge  the  anterior  auJ  posterior 
roitls  of  the  spinal  nervos.  These  furrows  are  termed  the  antero- 
lateral and  |)08tero-late?*al  grooves.  They  divide  each  half  into 
three  portions:  the  anterior,  lateral,  and  poi^ferior  columns.  The 
anterior  column  is  situated  between  the  anterior  median  fissure 
and  the  auterolatenil  groove;  the  middle  column,  between  the 
anlert>and  iwistero-Iateral  grooves;  the  posterior  column,  between 
the  ptjstero-lateral  groove  and  the  posterior  median  fissure.  The 
anterior  and  lateral  cnlumus  are  sometimes  spoken  of  as  the 
anterodatcral  column.  The  Kbres  of  the  columns  are  coniinua- 
tions  of  the  fibres  of  the  spinal  nerves,  or  of  fibres  which  arise 
in  the  ganglionic  cells  of  the  cord,  and  have  for  the  most  part  a 
longitudinal  direction;  other  fibres  have  a  transverse  or  obliq 
direction  in  their  course  to  other  columns  or  U^  nerve  cells. 

The  gray  substance  of  the  cord  (Fig.  219)  is  in  the  form  of 
two  creacenlic  portions,  which  arc  connected  together  by  the 
gray  commissure,  and  presents  an  appearance  similar  to  that  of 
the  letter  H.  Each  crescentic  portion  consists  of  two  extremities, 
which  arc  termed  the  cornua.  The  anterior  cornu  is  thicker, 
larger,  and  contains  a  much  greater  pronorlion  of  nerve-cells. 
It  consiata  principally  of  very  fine  uerve-fiores,  and  thco^  d\%slvGL^v 
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ooluoms  of  larger  maltipolflx  cellft.  Tbeae  colamiu  are  b«st  seea 
in  the  cerWcal  and  lumbar  regions,  and  are  frequeotly^vpoken 
of  as  the  moCttr  cells;  and  aome  of  them  bs  trophic  oella. 

The  posterior  comu  t«  smaller  and  narrower  than  the  anterior  : 
the  celu,  also,  arc  of  mnch  smaller  size.  Near  the  poeterior  ei* 
tremity  of  the  comu  is  an  expanded  gelatinous  portion,  wbicfa  is 
termed  the  MUbdantia  gtlatinom  of  Rolando  (Fig.  211)  i.     At  the 

Fw.  219 
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tnic  i>n  Uiu  rli^l  diW  Vhm  amrm  at  Ilw  Numt-fxjuli.  mxiA  ub  Uw  l«A  Om  paUkm  uf  Kb*  ftim^ 
|«1  iTVii*  uf  VmIobUv  Xattav.  A,  A,  kntoriiir  Ofliutio* ;  r,  r,  pcMrrtor  cnlaauM ;  t«  i,  lalnral 
ci>1iii(in« ;  «,  abtfrtMT  nMolUri  Bmutv  ;  jt«  fu4«iiur  iiv^tlui  tWiii«> ,  fc,  k,  b,  k,  «MU-rlitr  muti  of 
atiliutj  tinrrM;  £,  k.  |RMl*t1ift  rvt^;  tt^  rf,  tract*  vF  viwicnlar  auitl«r  la  uiloriur  o^mmi; 
(I,  rm/^  of  TMlralBT  tB»U«r  la  pc^urrinr  c^alamii :  /.  cenuml  euMl^  Miyvftudcd  bjr  Um  yny 
tMCBmlHiin ;  f,  MAittwtift  gvlatlnuHi  uf  RulAittlu. 

anterior  internal  portion,  near  the  central  canal,  is  a  column  of 
eniall  nerve-cells,which  is  called  the  posterior  vesicular  orClarke's 
column.  This  column  is  most  distinct  in  the  dorsal  region.  The 
cells  (if  the  posterior  cornua  are  sometimes  spoken  of  as  the  mo- 
sory  cells. 

The  commiMttre  (Fig.  220)  consists  of  a  hand  uf  gray  and  white 
fibrous  matter,  which  serves  to  connect  the  two  sides  of  the  oofd. 
The  anterior  portion  or  rvhiU  comminsttrf  is  composed  of  a 
of  deouasaliug  white  fibres^  which  for  the  most  part  extendi 
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tween  the  anterior  coroua  and  columns  of  tbe  two  aidee.  Tbe 
ffray  commissure  consists  of  an  aulerior  and  posterior  transverse 
hand  of  fibres,  between  which  is  a  very  fine  neive-fibre  plexus, 
which  are  for  the  most  part  derived  from  the  cell  processes.     In 


Fio.  2-20. 


SleHUu  iMirlina  of  n  Traiun-cnet  Sc4:tkiti  of  tl^e  Spfuiil  Cunl  nf  »  lliUil  nix  ttuMtlht  nlil,  fn>iu 
llio  iMWvr  |Hirt  nf  tb"  i>nl«»J  R4>k1**'>i  trvatotl  witli  tli«  <l«iil>l«  i"liluriili>  <>r  l^ilHa*iiui>  hihI 
I'^iM.  Mui^iilrtnl  ''(>  diiuuplon'.  n,  ii,  Miiti-rlor  roliuitiiit ;  6,  h,  iMHiti-rltir  riiltiiiiiM ;  <-,  ii-nltnl 
cAiutl ;  d,  liiir  iiKlk-Atfnic  tltu  »pithi*llui]|  ut  tlio  I'cntnU  i-hihiI  i  r,  oiHtDfiiivc  liwiio  MirrouiHi- 
iilg  llic  rvDinil  i~uiiiil ;  /,  ut'rr«>'Hlin<  {>li>xu<i  nruiiDd  tliv  loiitru)  ntiinl ;  y,  fumtvri'ir  lrutuvvrM< 
BLtiM  of  lb);  Hrni<r  I'uuiOtimun- ;  h,  aitlrrlur  trruivvvrw*  illnw  nf  tlitt  $rmy  iiJDintbi>itn' ;  i,  ilv- 
Jdii  of  Btrxn  111  Ihi.-  iint«Hitr  uhilf  c(iiiiiitli*>iuri>. 


the  centre  of  the  commissure  is  the  central  cunaL  The  wall  of 
the  canal  is  formed  by  a  connective  tissue,  and  is  lined  hy  col- 
umnar epithelium.  It  extends  from  the  fourth  ventricle  of  the 
hrain  to  the  filurn  tcrminale. 

The  cord  is  thicker  in  the  cervical  and  the  lumbar  and  lower 
dorsal  regions,  at  points  corresponding  to  the  origin  of  the 
brachial,  and  the  lumbar  and  sacral  plexuses.  This  enlarge- 
ment is  due,  for  the  most  part,  to  the  iucreased  proportion  of 
gray  matter.  The  quantity  of  white  matter  progreasively  in- 
oreasee  from  below  upwards. 

The  arrangement  «>f  the  fibres  of  the  spinal  nerves  after  they 
have  entered  the  substance  of  the  cord  is  of  great  physiological 
interest.  Upon  examining  sections  of  the  cord,  these  fibres  ap- 
pear to  have  a  general  horizontal,  oblique,  or  longitudvaaJL  ^£tt«ft*- 
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tioD.  The  fibres  of  the  posterior  roots  have  at  first  either  au 
oblique  or  horizontal  direction.  They  then  BBsunie  different 
courses:  some  of  them  are  lost  sight  of  in  the  gray  matter  uf  the 
posterior  cornua;  others  pass  ubJiquely  downwards  ur  upwards, 
through  the  posterior  gray  substance,  ami  are  finally  traced  to 
the  anterior  coruua  ur  columns,  where  tliey  assume  a  loogitudioa) 
direction,  either  running  up  or  down;  others,  upon  entering  the 
]K>sterior  gray  matter,  have  a  longitudinal  direction,  running 
into  the  segments  above  or  below  the  point;  others,  seen  upon 
transverse  sections  (Fig.  219)  run  towards  the  anterior  cornu, 
or  across  the  commissure  to  the  lateral  or  posterior  columns 
of  the  opposite  side.  The  fibres  of  the  anterior  roots  (Fig.  219) 
run  posteriorly,  nearly  horizontally,  uniil  they  reach  the  ante- 
rior cornu.  Home  of  the  fibres  then  aj>pt>ar  to  be  continuous 
with  the  processes  of  the  multipolar  cells;  others  run  to  the 
lateral  or  to  the  anterior  columns;  others  run  Ut  the  posterior 
gray  matter;  and  others  through  the  anterior  white  commissure, 
au<l  are  traced  to  the  cells  of  the  anterior  cornu,  or  to  the  anterior 
or  lateral  columns. 

The  nervous  elements  of  the  spinal  cord  are  bound  together  by 
a  modified  connective  tissue,  culleii  the  neuroglia^  which  serves 
also  as  a  nidus  for  the  ramification  of  the  bloodvessels.] 
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Sec.  1. — As  a  Centre  ou  Group  of  Ce.ntbeb  of  Reflex 

AcrrioN. 

Of  the  several  functions  of  the  spinal  cord  i>erhap6  the  mort 
striking  and  important  is  that  of  carrying  out  reflex  actions. 
As  we  have  already  said,  the  spinal  cord  ia  par  excellence  the 
organ  of  reflex  action  ;  in  by  far  the  greater  number  of  ihe 
reflex  movements  of  the  body,  the  centre  is  supplied  by  some 
part  of  the  spinal  cord.  We  have  already  (Book  I.  Chap.  III.) 
touched  on  the  general  features  of  reflex  actions,  and  elsewhere 
have  incidentally  dwelt  on  particular  instancea;  we  may  there- 
fore confine  ourselves  now  to  certain  points  of  special  interest. 

Reflex  movements  are  perhaps  best  studied  in  the  frog  and 
other  cold'bliMKleil  animals,  where  the  uhenomeua  are  leas  ob- 
scured by  the  working  of  the  other  so-called  higher  parts  of  the 
central  nervous  sysiem.  They  obtain,  liowever,  in  the  warm- 
blooded mammal  also,  but  in  these  special  precautions  are  neoes- 
Bury  to  secure  their  full  development. 

In  the  frog  the  shock  which  follows  upon  division  of  the  spinal 
cord,  and  which,  as  we  shall  presently  see,  for  a  white  inhibite 
reflex  activity,  soon  passes  away ;  within  a  very  short  time  aAer 
the  medulla  oblongata  for  lustauce  has  been  divided  the  m 
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complicated  reflex  movenieiits  can  be  carried  on  by  the  frog*B 
spinal  conl  when  the  appropriate  stimuli  arc  applied.  With 
the  mammal  the  case  ia  very  ditTerent.  For  daya  even  after 
division  of  the  spinal  cord  the  parU  of  the  bf>ily  supplied  by 
nerves  springing  from  the  cord  below  the  section  exhibit  very 
feeble  reactions  only.  In  the  dog  for  instance,  after  division  of 
the  spinal  cord  iu  the  lower  dorsal  region,  the  hind-limbs  hang 
flaccid  and  moliimleAB,  and  pinching  ihe  hind-foot  evokes  ua  a 
response  either  slight  irregular  movements  or  none  at  all.  Indeed 
were  our  oljservationB  limiteii  to  this  period,  we  might  infer  that 
the  reflex  actions  of  the  spinal  cord  in  the  mammal  were  but 
feeble  and  insignificant.  If,  however,  the  animal  be  kept  alive 
for  a  longer  period,  for  weeks  or  better  still  for  mouths,  though 
no  union  or  regeneration  of  the  spinal  cord  takes  place^  reflex 
movements  of  a  powerful,  varied,  and  complex  character  mani- 
fest themselves  in  the  hind-limbs  and  hinder  parts  of  the  body ; 
a  verj'  feeble  stimulus  applied  to  the  skin  of  these  regions 
promptly  gives  rise  to  extensive  an<l  yet  coordinate  movements. 
C'Ompared  with  the  reflex  actions  of  the  frog,  the  movements 
carried  out  by  the  lower  p<>rtion  of  the  spinal  cord  of  the 
mammal  white  they  are  more  energetic  have  hitherto  been 
regarded  as  being  less  definite  and  complete  and  less  pur- 
poaeful ;  but  it  would  be  dangerous  to  insist  on  this,  for  recent 
experience  tends  to  show  that  lu  the  case  uf  must  mammals,  the 
powers  of  the  spinal  cord  have  been  unduly  underrated.  It  is 
worthy  of  attention  that  the  reflex  phenomena  in  mammals  vary 
very  much  not  only  iu  different  species  but  also  in  ditlorent  indi- 
viduals and  in  the  t*amti  individual  under  different  iMrcu instances. 
liace,  age,  and  previous  training,  seem  to  have  a  marked  effect 
iu  determining  the  extent  and  character  of  the  reflex  actions 
which  the  spinal  cord  is  capable  of  carrying  out,  and  these  seem 
also  to  be  largely  influenced  by  i)asaing  circumstances,  such  as 
whether  food  has  been  recently  taken  or  no.  And  it  is  aaserteil 
that  the  spinal  cord  of  the  rabbit,  which  has  been  the  subject  of 
80  many  ex[>eriments,  is  aa  compared  with  that  of  the  dug  and 
many  other  mammals,  singularly  deficient  in  the  power  of  curry- 
ing out  complex  reflex  movements. 

Both  in  the  cold-blooded  and  warm-blooded  animals  the  salient 
feature  of  ordinary  reflex  actions  is  their  purpfjseful  character, 
though  every  variety  of  movement  may  be  witnessed,  fron»  a 
simple  spasm  to  u  mi>8t  complex  mau<L'uvre,  and  in  all  reflex 
movement*,  both  gimple  and  complex,  we  can  recognize  certain 
determining  causes,  the  influences  of  which  more  or  leas  directly 
contribute  to  the  shaping  of  this  purposeful  character. 

Thus  the  features  of  any  movement  taking  place  as  part  of  a 
reflex  action  arti  iu  part  determined  by  the  uaturH  of  {Joa  «J£«&x«bvN. 
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impulaes.  Simple  nervous  impulses  generated  by  the  direct 
BtiinulaLion  of  afferent  nerve-fibres  genorally  evoke  as  reflex 
mnvemeuts  merely  irregular  spaema  in  a  few  muscles;  whereas 
the  more  complicated  ditfereuliated  sensory  impulses  generated 
by  the  application  of  the  stimulus  to  the  skin,  readily  give  rise 
to  lar^  and  purposeful  movements.  It  b  easier  to  produce  a 
complex  reflex  action  by  a  slight  pressure  on  the  skin  than  by 
even  a  strong  single  induction-shock  applied  directly  to  a  uerve- 
trunk.  If,  in  a  brainless  frog,  the  area  of  skin  supplied  bv  one 
of  the  dorsal  cutaneous  nerves  be  separated  by  section  from  the 
rest  of  the  skin  of  the  back,  the  nerve  being  left  attached  to  the 
piece  of  skin  and  carefully  protected  from  injury,  it  will  be 
found  that  slight  stimuli  applied  to  the  surface  of  the  piece  of 
skin  easily  evoke  retlex  actions,  whereas  the  trunk  of  the  nerve 
may  be  stimulated  with  even  strong  currents  without  producing 
anything  more  than  irregular  movementfl.  In  ordinary  mechani- 
cal Aud  cliemicat  stlinulutic^n  of  the  skin  it  is  a  series  of  impulses 
and  not  a  single  impulse  which  passes  upwards  along  theaeaaory 
nerve,  the  changes  in  which  may  be  compared  to  the  changes  in 
a  motor  nerve  during  tetanus.  In  every  reKex  action,  in  fact, 
the  ceutrui  mechanism  may  be  looked  upon  as  being  thrown  into 
activity  through  n  summation  of  the  afferent  impulses  reaching 
it.  Hence*  while  a  reflex  action  is  readily  calletl  forth  by  even 
feeble  single  induction-shocks  applied  to  the  skin,  if  they  be  re- 
peater! ButficientJy  rapidly,  a  solitary  induction-shock  is  ineffec- 
tual unless  it  be  strong  enough  to  cause  profound  changes  in  tbo 
skin  or  nerves. 

When  a  muscle  is  thrown  into  contraction  in  a  reflex  action^ 
the  note  which  it  gives  forth  does  not  vary  with  the  stimulus, 
but  is  constant,  being  the  same  as  that  given  forth  by  a  muscle 
thrown  into  contraction  by  the  will.  From  which  we  infer  that 
in  a  reflex  action  the  afferent  impulses  do  not  simply  paas  through 
the  centre  in  the  same  way  that  they  pass  along  afferent  nerves, 
but  are  profoundly  modified.  And  this  explains  why  a  reflex 
action  tiikes  always  a  considerable  time,  and  fre<iueutly  a  very 
long  time,  for  it^  development.  When  the  toes  of  a  brainless 
frog  are  dipped  in  dilute  sulphuric  acid,  several  seconds  may 
elapse  before  the  feet  are  withdrawn.  Making  every  allowance 
for  the  lime  needed  for  the  acid  to  develop  sensory  impulses  in 
the  perijiheral  endings  of  the  afferent  nerve,  a  very  large  frac- 
tion of  the  period  must  be  taken  up  by  the  molecular  ftctioDS 
going  on  in  the  nerve-cells.  In  other  words,  the  interval  between 
the  advent  at  ihe  central  organ  of  afferent,  and  the  exit  from  it 
of  efferent  impulses,  is  a  busy  time  for  the  nerve-cells  of  that 
organ;  during  it  many  proc<^sses,  of  which  wo  have  at  pietcpt 
very  little  exact  knowledge,  are  being  carried  on. 
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The  character  of  the  movement  forming  part  of  a  retiex  action 
18  also  iutluenced  by  the  inteuHity  of  the  etiinulus.  A  slight 
stimuluB,  such  an  gentle  contact  uftho  skin  with  Bunie  ho<Iy«  will 
prmiuce  one  kind  of  movement;  and  a  strong  8tinu]hi8,  such  as 
a  sharp  prick  applied  to  the  eame.  spot  oi'  skin,  will  call  forth 
quite  a  diffcn;nt  movement.  When  a  decapitated  snake  or  newt 
is  suspended,  and  the  skin  of  the  tail  lightly  touchtxl  with  the 
finger  the  tail  bends  towards  the  finger;  when  the  skin  it^  pricked 
or  burnt,  the  tail  is  turned  away  from  the  ofiunding  object.  And 
so  in  many  other  instances.  Further,  we  have  already  fwiuted 
out  (p.  148)  that  while  the  eHecta  of  a  weak  stimulus  applied  to 
an  afferent  nerve  are  liniitetl  to  a  few,  those  of  a  strong  stimulus 
may  spread  to  many  efferent  nerves,  (iranting  that  any  par- 
ticular afferent  nerve  Is  more  especially  associated  with  certain 
efferent  nerves  than  with  any  others,  so  that  the  reflex  impulses 
generated  by  afJ'erenl  impnlsca  entering  the  cord  by  the  former, 
pass  with  the  least  resistance  down  the  latter,  we  must  evidently 
admit  further  that  other  efferent  nerves  are  also,  though  less  di- 
rectly, connected  with  the  same  afferent  nerve,  the  passage  into 
the  second  efferent  nervt?  meeting  with  an  increased  but  not  in- 
superable resistance.  When  a  frog  is  poisoned  with  strychnia, 
a  slight  touch  on  any  part  of  the  skin  may  cause  convulsions  of 
the  whole  body;  that  is  to  say,  the  afferent  impidses  passing 
along  any  single  afferent  nerve  may  give  rise  to  the  discharge  of 
efferent  impulses  along  any  or  all  of  the  efferent  nerves.  This 
proves  that  a  physiological,  if  not  an  anatomical,  continuity  ob- 
tains between  all  the  nerve-cells  of  the  spinal  cord  which  are 
concerned  in  reflex  action,  that  the  nerve-cells  with  their  pro- 
cesses form  a  functionally  continuous  protoplasmic  network. 
This  network,  however,  we  must  suppose  to  be  marked  uut  into 
tracts  presenting  greater  or  less  resistance  to  the  progress  of  the 
impulses  into  which  afferent  impulses,  coming  from  this  or  that 
afferent  nerve,  are  transformed  on  their  advent  at  the  network  ; 
and  accordingly  the  path  of  any  series  of  impulses  in  the  net- 
work will  be  determined  largely  by  the  energy  of  the  afferent 
impulses.  And  the  action  of  strychnia  may  !>e»  in  part,  ex- 
plained by  supposing  that  it  reduces  and  equalizes  the  normal 
resistance  of  this  network,  so  that  even  weak  impulses  travel 
over  all  its  tracts  with  great  ease. 

Further,  the  movement  forming  part  of  a  reflex  action  varies 
in  character,  according  to  the  particular  area  of  the  skin  or  the 
locality  of  the  bofly  to  which  the  stimulus  is  applied.  Pinching 
the  folds  of  skin  surrounding  the  anus  of  the  frog  produces  di£ 
ferent  effects  from  those  witnessed  when  the  flank  or  toe  ia 
pinched;  and,  8|)eaking  generally,  the  stimulation  of  a  par- 
ticular spot  calls  forth  particular  movements.    lu  the  ca&e  <iC  v.'w^ 
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simpler  reflex  moveme&ts,  it  appears  to  be  a  general  rule  that  i 
movement  started  by  the  stimulation  of  a  sensory  surface  or  re- 
gion on  one  side  of  the  body,  is  developed  on  the  same  side  of 
the  body,  and  if  it  spreada  to  the  other  side,  still  remains  most 
intense  on  the  t«ame  siile  ;  the  movement  on  the  other  side,  more- 
over, is  symmetrical  with  that  on  the  same  side.  It  ha^  been 
maintained  that  "crossed"  or  diagonal  reHex  movements,  as 
where  stimulation  of  one  fore- foot  leads  to  movements  of  the  op- 
posite hind-limb,  do  not  occur  unless  some  portion  of  the  medulla 
oblongata  be  left  attached  to  the  spinal  cord.  .Seeing  that  loco- 
motion in  four-footed  animals  is  largely  effected  by  diagonal 
movements  of  the  limbe,  one  would  rather  have  expected  to  find 
the  spinal  cord  itself  provided  with  mechanisms  to  assist  in 
carrying  them  out ;  and,  indeed,  it  is  affirmed  that  in  the  case  of 
cold-blooded  nnimuls  and  of  many  young  mammals.  nf\er  division 
of  the  spinal  cord  below  the  medulla,  a  gentle  stimulation  will 
provoke  a  diagonal  movement — slight  pressure  on  one  fore-foot, 
for  example,  giving  rise  to  movements  in  the  opposite  hind-leg; 
a  strong  stimulus,  however,  will  produce  an  ordinary  one-sided 
movement. 

From  these  and  similar  phenomena,  we  may  infer  that  the 
protoplasmic  network  spoken  (»f  above  is,  so  to  speak,  mapped 
out  into  nervous  mechanisms  by  the  establishment  of  lines  of 
greater  or  lees  resistance,  so  that  the  disturbance*  in  it  generated 
by  certain  aHerent  impulses  are  directed  into  certain  efferent 
channels.  But  the  arrangement  of  these  mechanisms  is  not  a 
fixed  and  rigid  one.  We  cannot  always  pretiict  exactly  the 
nature  of  the  movement  which  will  result  from  the  stimulation 
of  any  particular  spot,  because  the  result  will  vary  according  lo 
the  condition  of  the  spinal  cord,  e8|>ecially  in  relation  to  the 
strength  of  the  stimulus.  Moreover,  under  a  change  of  circum- 
stances a  movement  quite  different  from  the  normal  one  may 
make  its  appearance.  Thus,  when  a  drop  of  acid  is  placed  on 
the  right  Bank  of  a  frog,  the  right  foot  is  almost  invariably  used 
to  rub  off  the  acid ;  in  this  there  appears  nothing  more  than  a 
mere  "mechanical"  reflex  action.  If,  however,  the  right  leg  be 
cut  off,  or  the  right  fot>t  be  otherwise  hindered  from  rubbing  off 
the  acid,  the  left  foot  is,  under  the  exceptional  circurostaaoes, 
used  for  the  purpose.  This,  at  first  sight,  looks  like  an  intelli- 
^leai  choice.  A  choice  it  evidently  is;  and  were  there  many 
instances  of  choice,  and  were  there  any  evidence  of  a  variable 
automatiBui,  like  that  of  a  conacious  volition,  being  nianiiested 
by  the  spinal  cord  of  the  frog,  we  should  be  ju.^iificd  in  suppoaing 
(hat  the  choice  was  determined  by  an  intelligence.  It  ia»  how- 
ever, on  the  other  hand,  quite  possible  to  suppose  tbal  the  line* 
of  reaiatance  in  the  spinal  protoplasm  are  so  arranged  as  to  admit 
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aD  alternative,  though  still  mechanical,  action;  and  seeing 
how  few  ami  simple  are  the  apparent  inRianees  of  choice  wit- 
nessed in  a  brainless  frog,  and  how  absolutely  devoid  of  ifpou- 
taneity  or  irregular  automaiiHiu  ia  the  spinal  cord  of  the  frog, 
this  seems  the  more  probable  view.  Moreover,  this  conclusion  is 
supported  by  the  behavior  of  other  animals.  Thus,  similar 
vicarious  reflex  mnveracntfi  may  be  witnessed  in  mammals, 
though  not,  perhaps,  to  such  a  striking  extent  as  in  frogs.  lu 
dogs,  in  which  partial  removal  of  the  cerebral  hemispheres  has 
apparently  heightened  the  reflex  excitability  of  the  spinal  cord, 
the  remarkable  scratching  movements  of  the  hind-leg  which  are 
called  forth  by  stimulating  a  particular  spot  on  the  loins  or  side 
of  the  body,  are  executed  by  the  leg  of  the  opposite  side,  if  the 
leg  of  the  same  side  be  gently  held.  In  this  case  the  vicarious 
movements  are  ineffectual,  and  can  hardly  be  considered  as  be- 
tokening intelligence.  Again,  the  **  mechanical  "  nature  of 
reflex  actions  is  well  illustrated  by  the  behavior  of  a  decapitated 
snake.  When  the  bo<ly  of  the  animal  in  this  condition  is  brought 
into  contact  at  several  places  with  any  object,  such  iis  uu  arm  or 
a  stick,  complex  reflex  movements  are  excite<l,  the  obvious  pur- 
pose as  well  as  oflect  of  which  is  to  twine  the  body  round  the 
object.  A  decapitated  snake  will,  however,  with  eijual  and  fatal 
readineaa  twine  itself  round  a  red- hut  bar  of  iron. 

It  may  be  added,  that  the  movements  evoke<i  by  even  a  seg* 
ment  of  the  cord  may  be  purposeful  in  character;  hence,  we 
must  conclude  that  every  segment  of  the  protoplasmic  network  is 
mapped  out  into  mechanisms. 

Lastly,  the  characters  of  a  reflex  movement  are,  as  we  ne«d 
hardly  say,  dependent  on  the  condition  of  the  cord.  The  action 
of  strychnia  just  alluded  to  is  an  instance  of  an  apparent  aug- 
mentation of  reflex  action  best  explained  by  supposing  that  the 
resistances  in  the  ct>rd  are  lessened.  There  are  probably,  how- 
ever, cases  in  which  the  explosive  energy  of  the  nerve-cells  is 
positively  increaseil  above  the  normal.  Conversely,  by  various 
influences  of  a  depressing  character,  as  by  various  amesthetics  or 
other  poisons,  reflex  action  may  be  lessened  or  prevented;  and 
this,  again,  may  arise  either  from  an  increase  of  resistance,  or 
from  a  diminished  action  of  the  nervecella  themselves. 

In  actual  lile,  reflex  movements,  in  by  far  the  greater  number 
of  instaucee,  are  occasioned  by  stimulation  of  the  skin  or  of  the 
mucous  membrane.  They  may,  however,  occur  as  the  result  of 
stimulation  of  the  organs  of  special  sense.  A  sound  or  a  flash 
of  light  readily  produces  a  start,  a  bright  light  causes  many 
persons  to  gueexe,  uu<l  reflex  movements  may  even  result  from  a 
taate  or  smell. 
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Inhibition  of  Reflex  Action. — The  reflex  actions  of  the  spinal 
coTii,  like  other  nervoim  acti(jD»,  inuy  l>e  totally  or  {martially  in- 
hibitefl — that  ie,  may  l)e  arreate<I  or  hint!ere<l  in  tbeir  develop- 
ment by  impulsefi  reaching  the  centre  while  it  is  already  in 
action.  Thus,  if  a  decapitated  snake  be  suspended,  slow,  rhytbmiCf 
pendulous  movements,  which  appear  to  be  reflex  in  nature^  soon 
make  their  appearance,  and  these  may  be  for  a  while  arrested  by 
slight  BtimulalioD,  as  by  gently  stroking  the  tail.  We  have 
already  seen  that  the  action  of  such  nervous  centres  as  the  re- 
spiratory and  Vfl80-mot<3r  centres,  which  frequently  at  all  events 
is  of  a  reflex  nature,  may  be  either  inhibiie<l  or  augmenteti  by 
afferent  impulses.  The  Diicturition  centre  in  the  mammal,  which 
is  also  largely  a  reflex  centre,  may  be  easily  inhibited  by  im- 
pulses pawing  downward  to  the  lumbar  cord  from  the  brain,  or 
upward  along  the  sciatic  nervefl.  In  the  case  of  dogs,  whose 
spinal  cord  has  been  divided  in  the  dorsal  region,  micturition 
aet  up  as  a  reflex  act  by  simple  pressure  on  the  abdomen,  or  by 
sponging  the  anus,  is  at  once  stopped  by  sharply  pinching  the 
akin  of  the  leg.  And  it  is  a  matter  of  common  experience  that 
micturition  may  be  suddenly  checked  by  an  emotion  or  other 
cerebral  event,  The  erection  centre  in  the  lumbar  cord  also,  in 
large  measure  a  reflex  centre,  is  similarly  susceptible  of  being 
inhibited  by  impulses  reaching  it  from  various  sources.  And, 
indeed,  mauy  similar  iustauces  of  the  inhibition  of  reflex  move- 
ment; might  readily  l>e  quoted. 

Several  apparent  instances  of  the  inhibition  of  reflex  acts  are 
not  really  nuch :  in  these  cases  all  the  ncrvoui^  precesses  of  the 
act  may  take  place  in  their  entirety  and  yet  fail  to  produce  their 
cflect  on  account  of  a  failure  in  the  muscular  part  of  the  act. 
Thus  when  we  ourselves  stop  or  inhibit  the  reflex  movements 
which  otherwise  would  be  produced  by  tickling  the  soles  of  the 
feet,  we  achieve  this  to  a  large  extent  by  throwing  voluntarily 
into  action  certain  muscles,  the  contractions  of  which  antagonize 
the  action  of  the  nmscles  engaged  in  carrying  out  the  reflex 
movements.  But  it  may  be  doubted  even  in  these  cases,  whether 
inhibition  is  always  or  wholly  to  be  explained  in  this  way;  ami 
certainly  in  very  many  instances  of  reflex  inhibition,  no  such 
muscular  antagonism  is  present,  and  the  reflex  act  is  cliecked  at 
its  nervous  centre. 

It  is  a  remarkable  fact  that  when  the  brain  of  a  frog  is  re- 
moved, reflex  actions  are  developed  to  a  much  greater  degree 
than  in  the  entire  animal.  This  suggests  the  idea  that  there 
must  be  in  the  bratn  some  mechanism  or  other  for  preventing:  the 
normal  development  of  the  spinal  reflex  actions.  And  we  learn 
by  experiment  that  stimulation  uf  certain  [mriA  of  the  brain  ha» 
a  remarkable  eflect  on  reflex  action.     If  a  frog,  from  which  the 
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cerebral  hemispheres  only  have  been  removed  (the  optic  thalamic 
optic  lobes,  medulla  oblougatu,  and  spinal  cord  being  lefl  intact), 
be  suspended  by  the  chin,  and  the  toes  oF  the  pendent  legs  be 
from  time  to  time  dipped  into  very  diKite  sulphuric  acid,  a 
certain  average  time  will  In?  fnund  to  elapse  between  the  dipping 
of  the  toe  and  the  reaultiiig  withdrawal  of  the  foot.  If,  however, 
the  optic  lobes  or  optic  thahuni  is  stimulated,  as  by  puttings 
crystal  of  sodium  chloride  on  thorn,  it  will  he  ftiund  on  repeating 
the  experiment  while  these  structures  are  still  under  the  influence 
of  the  stimulation,  that  the  time  intervening;  between  the  action 
of  the  acid  on  the  toe  and  the  withdrawal  of  the  foot  is  very 
much  prolonged.  That  is  to  say,  the  stimulation  of  the  optic 
lobea  has  caused  impulses  to  descend  to  the  cord,  which  have 
there  so  interfered  with  the  action  of  the  nerve  ceils  engaged  in 
reflex  action  as  greatly  to  retard  the  generation  of  reflex  impulses; 
in  other  word^,  the  stimulation  of  tiie  optic  lobes  has  inhibited 
the  reflex  action  of  the  cord.  And  Himiliar  resuft^  may  be  ob- 
tained in  mammiils  by  stimulating  certain  parts  of  the  corp<ira 
(juadrigemina,  which  bodies  arc  analogous  to  the  optic  lobes  of 
frogs.  From  this  it  has  been  inferred  that  there  is  present  in 
this  part  of  the  brain  a  special  mechanism  for  inhildting  the 
reflex  actions  of  the  spinal  cord,  the  impulHes  descending  from 
this  mechanism  lf»  the  various  centres  of  reflex  action  being  of  a 
specific  inhibitory  nature.  But,  as  we  have  already  seen,  im- 
pulsesjof  an  ordinary  kind,  passing  along  ordinary  sensory 
nerves,  may  inhibit  reflex  action.  We  have  quoted  instances 
where  a  sliglit  f^timulus,  as  in  the  pendulous  muvcmeutd  of  the 
snake,  and  where  a  stronger  stimulua  as  in  the  case  of  the  mictu- 
rition of  the  dog,  may  produce  an  inhibitory  result ;  we  may  add 
that  adequately  strong  stimuli  apjdieii  to  any  afferent  nerve  will 
in  the  frog  inhibit — i.  e.,  will  retard  or  even  wholly  prevent  reflex 
action.  If  the  toes  of  one  leg  are  dipped  into  dilute  sulphuric 
acid  at  a  time  when  the  sciatic  of  the  other  leg  is  being  power- 
fully stimulated  with  an  interrupted  current,  the  period  of  incu- 
bation will  be  found  to  be  much  prolonged,  ana  in  some  cases 
the  reflex  withdrawal  of  the  foot  will  not  take  jdace  at  all.  And 
this  holds  good,  not  only  in  the  complete  absence  of  the  optic 
lobes  and  medulla  i>blongata,  but  also  when  only  a  portion  of  the 
spinal  cord,  sufficient  to  carry  out  the  reflex  action  in  the  usual 
way,  is  left.  There  can  be  no  question  here  of  any  specific  in- 
hibitory centres,  such  as  have  been  8uppose<l  to  exist  in  the  optic 
lol)es. 

lieoce  it  is  clear  that  inhibition  may  be  brought  about  by 
impulses  which  are  not  in  themselves  of  a  spcciflc  inhibitory 
natUT',  and  accordingly  we  may  hesitate  to  accept  the  view  that 
a  special  inhibitory  mechanism  iu  the  sense  of  one  givvv^^  \'vm£.  \n 
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nothing  but  iuhibiiory  inopalsee  is  present  in  the  opdc  lobes  of 
ifiigs.  Xor  U  there  adequate  |>r>of  that  the  exaltauioa  of  reflex 
actions  wbit^h  ia  manifest  in  (iecapitale)l  animals  k  doe  ui  the 
withdrawal  of  such  a  epecitic  inhibit'iry  mechanism.  We  shall 
have  occaaion  again  to  return  to  these  inhibitorr  pbeDomena  of 
the  central  nervous  system.  We  have  deen  enoagh  to  show  that 
the  sp'nal  cord,  and  the  same  holds  good,  as  we  &hall  see,  for  the 
whole  central  nervous  system,  may  he  regarded  as  an  intricate 
mechaniem  in  which  the  direct  efforts  of  sumalation  or  automatic 
activity  are  modiiie^l  and  governed  by  the  cheeks  of  inhibitory 
influences.  Seeing  that  in  the  ordinary  actions  of  life  the  spinal 
cord  is  to  a  large  extent  a  mere  ini^trument  of  the  cerebral  hemi- 
spheres, we  may  readily  expect  that  among  the  many  impulses 
patting  from  the  latter  to  the  former,  some  under  certain  circum- 
stances Bhould  result  in  an  inhibition  of  spinal  activity,  while 
others,  ur  the  same  under  different  circumstances,  should  lead  to 
an  exaltation  of  the  same  spinal  acUvity.  The  experiments 
quoted  above  show  that  the  optic  lobes  when  Mimulatetl  are 
especially  prone  to  give  rise  to  inhibitory  results;  but  wc  have 
as  yet  much  to  learn  before  we  can  speak  with  ceruiuty  as  to  the 
exact  manner  in  which  such  an  inhibition  is  brought  about 
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When  one  eyelid  is  stimulated  with  a  sharp  electrical  shock 
both  eyelids  blink.  Hence,  if  the  length  ol  time  intervening 
between  the  stimulation  of  the  right  eyelid  and  the  movement  of 
the  left  eyelid  be  measured,  this  will  give  the  total  time  required 
for  the  various  processea  which  make  up  a  reflex  action.  It  has 
been  found  to  be  from  0.0662  to  0.0578  second.  De<iucting  from 
these  figures  the  time  required  for  the  passage  of  afferent  and 
eff*erent  impulses  along  the  fifth  and  facial  nerves  to  an*!  from 
the  medulla,  and  for  the  latent  period  of  the  contraction  of  the 
orbicularis  muscle,  there  would  remain  0.0555  to  0.0471  aecoad 
for  the  time  consumed  in  the  central  operations  of  the  reflex  act 
The  calculutions.  however,  ncccasary  for  this  reduction,  it  need 
not  be  said,  are  open  lo  sources  of  error.  Blinking  thus  pro- 
duced is  a  reflex  act  of  the  very  simplest  kiud ;  but,  as  we  have 
seen  in  the  preceding  pages,  reflex  acts  tlitfer  very  widely  in 
nature  and  character;  and  we  acortrdingly  find,  as  indeed  we 
have  incidentally  mentioned,  that  the  time  taken  up  by  a  reflex 
movement  varies  very  largely.  This,  indeed,  is  seeD  in  the 
blinking  itself.  When  the  blinking  is  cause<l,  not  by  an  electric 
shock  applied  to  the  eyelid,  but  by  a  flash  of  light  falliog  oo  the 
retina,  in  which  case  complex  visual  processes  arc  involved,  the 
time  is  exceedingly  prolonged ;  moreover,  the  results  in  diflercQt 
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experimenta  of  such  a  kind  are  not  nearly  so  uniform  as  when 
the  blinking  is  caused  by  stimulation  of  the  eyelid. 

Id  general^  it  may  be  said  that  the  time  reijuired  for  any 
reflex  act  varies  very  considerably  with  the  strength  of  the 
stimulus  employed,  being  leas  for  the  stronger  stimuli;  this  wo 
should  expect,  seeing  that  the  efferent  impulses  of  the  reflex  act 
are  not  simply  afferent  impulses  transmitted  through  the  central 
organ,  but  result  from  internal  chaniros  in  the  central  ort^an 
started  by  the  afferent  impulse  or  impulses;  and  the*e  internal 
change?*  will  naturally  be  more  intense  and  more  rapidly  effective 
when  the  afferent  imjmlses  are  strong.  It  is  stated  that  when 
the  movement  induced  is  on  the  same  side  of  the  body  as  the 
surface  stimulation  of  which  Htarts  the  act,  the  time  taken  up  is 
less  than  when  the  movement  is  tm  the  other  side  of  the  body, 
allowance  bein^^  made  for  the  length  of  central  nervous  matter 
involved  in  the  two  cases — that  is  to  say,  the  central  «»perati<ms 
of  a  reflex  act  are  propagated  more  rapidly  along  the  cdid  than 
across  the  cord.  The  rapidity  of  the  act  varies,  of  conr?e,  with 
the  condition  of  the  spinal  cord,  being  greatly  prolonged  when 
the  cord  bocomea  exhausted.  The  time  thus  occupied  by  juirely 
reflex  actions  must  not  be  confounded  with  the  jntervnl  required 
for  mental  operations;  of  the  latter  we  shall  speak  presently. 


Sec.  2. — A.s  a  Ckntrk  ok  (Shoup  op  Ckntris  ok  AirroMATit" 

AcrriON. 

Irregular  aut')matism — i.  <?.,  a  spontaneity  comparable  to  our 
own  volition,  is  wholly  absent  from  the  spinal  corn.  A  brainless 
frog  placed  in  a  condition  of  complete  equilibrium  in  which  no 
stimulus  is  brought  to  bear  on  it — protected  from  sudden  passing 
changes  in  temperature,  from  a  too  rapid  evaporation  and  the 
like — remains  perfectly  motionless  till  it  dies.  Such  apparently 
spontaneous  movements  as  are  oc(!asionally  witnessed  are  so  few 
and  seldom,  that  we  can  hardly  do  otherwise  than  attribute  them 
to  florae  BtimuluB,  internal  or  external,  which  has  escaped  ob- 
servation. In  the  niamnifti  (dog)  after  division  of  the  spinal 
oord  in  the  dorsal  region  regular  and  apparently  spontaneous 
movements  may  be  observed  in  the  part*  governed  by  the  lumbar 
cord.  When  the  animal  ha*  thoroughly  recovered  from  the 
operation  the  hind-limbs  rarely  remain  at  rest  for  any  long 
[>eriod ;  they  move  restlessly  in  various  ways ;  and  when  the 
animal  is  suspended  by  the  upper  part  of  the  body,  the  pendent 
hind-limbs  are  wmtinually  being  drawn  up  and  let  down  again 
with  a  monotonous  rhythmic  regularity,  highly  but,  perhaps, 
falsely  suggestive  of  automatic  rhythmic  discharge*  ^tv3\a  ^^ 
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fallj  Id  reieraiee  to  their  rapectiTe 

bov  &r  tbej  ore  ptmely  aiftnmoiir,  or  in  reolity  nerelj 

Dotete,  thot  ootiuM  owre  seed  be  mmI  berei. 

It  bee  been  mack  diyled  whether  the  epinol  ooH 
over  the  ■kefaiol  mkCbo  o  tonic  nctioa  ooamon^lo  to  that  of 
tbe  vaao-B04or  centree  over  the  MMOCh  awe  we  of  the  artcrw*. 
Tbe  aiguBwatB  whidb  were  oBce  brra^t  ibrwmrd  ai  petmag  the 
exiMeoce  of  eacb  a  Ume  are  tnraliiL  It  ii  tme  tbax  when  a 
mnKle  n  est  acmM  ia  the  lirtag  bodj,  the  eection  gapee ;  bnt 
thk  ia  becaoee  alt  tbe  mnclc*  of  the  body  an  ti^^dJtj  eCittched 
beyond  their  aanoml  length.  Again,  when  one  «de  of  iho  ftce 
k  paralysed,  the  month  is  drawn  to  the  oppoeile  ade,  not  be- 
caoee  the  pnralrsed  muKlca  hare  lovt  tooe,  but  UmnaB  there 
are  on  the  paralTaed  iide  no  contractioM  to  aatagomae  the 
of  the  coottnaalJ  J  repented  oontractione  of  the  eunad  ade. 
indeed,  tbe  exuteoce  of  «icb  a  tooe  seeae  diftincftly  ^qiromd 
by  the  fact  that,  accordtog  to  most  ofaserrera.  when  in  the  liring 
bod;  the  nerve  goin^  to  a  moacie  is  rat,  no  pemnarnt  lengthen- 
ing of  the  mtucle  is  caosed.  On  the  other  band,  when  the 
•ciatic  plexLu  of  one  leg  of  a  brainleas  frog  is  cot,  and  the 
animal  is  suspended,  thit  W  hangs  down  more  heJploily  than 
tbe  other :  that  h  to  sa j,  the  soand  lc!g  is  rather  mcg^'  flexed 
than  tbe  other.  Tbe  diflerenre  which  is  somedmrs  narked,  bot 
•ometunes  hardly  visible,  litsappeani  entirely  when  the  vbole 
eoffd  b  destroyed.  But  the  Hiue  flaccidity  is  obeerred  in  a  Iqg 
ia  which  the  posterior  root»  only  of  the  sciatic  plexus  hare  been 
diviHf^f .  H^Dce  it  i«  to  be  regarded  as  an  instanee  not  aa  mnch 
of  tone,  as  of  feeble  reflex  action  uecnaonod  by 

atfer*  .        ,     i*ea. 

Thongh,  however,  the  riew  of  a  real  tone  la^a  ndeqanto  map- 
port,  several  oondderatioos  &vor  tbe  idea  that  the  eondhioo  of 
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a  muscle,  apart  trutn  iu  being  in  a  state  of  contractiou  or  at  rest, 
is  closely  dejiendeut  <>u  influeuces  pruceeding  iruiu  the  Bpinai 
cortl.  We  saw,  in  treatin^r  of  muscle  and  nerve  (p.  123),  that 
the  irritability  of  a  musolo  is  markedly  aflecteii  by  the  section  of 
it£  nerve — i.  c,  by  severance  from  the  central  nervous  system ; 
and  more  recently  (p.  549j  in  speaking  of  the  so-called  trophic 
action  of  the  nervous  system,  wu  referred  to  changes  in  the 
nutrition  of  muscles  occasioned  by  diseases  of  the  nervous 
system.  An  instance  of  a  similar  actiuu  Is  afforded  by  the 
so-called  ** tendon-phenomena."  It  is  well  known  that  when 
the  leg  is  placed  in  an  easy  p<jaition.  as  when  resting  on  the 
other  leg,  a  sharp  blow  on  the  patellar  tendon  will  cause  a 
sudden  jerk  forward  of  the  leg,  brought  about  by  a  contraction 
of  the  quadriceps  femoris.  Similarly  the  muscles  of  the  calf 
may  be  thrown  into  action  by  tapping  the  tend<»  AchiUis;  and 
in  some  cases  the  same  muscles  may  be  made  to  execulu  a  series 
of  rhythmic  contractions,  by  suddenly  pressing  back  the  sole  of 
the  foot  so  as  to  put  them  on  the  stretch.  The&e,  mid  other 
instances  of  a  like  kind,  at  first  sight  appear  to  be,  and  indeed  it 
has  been  maintained  that  they  are  cases  of  reHex  action,  due  to 
afferent  impuUes  started  in  the  tendon;  hence  they  have  been 
frequently  spoken  of  as  "teudon-reflt-x."  But  the  eviilence  on 
the  whole  shows  that  they  are  not  reHex,  but  due  to  direct  stimu- 
lation of  the  muscles.  Nevertheless,  and  this  is  the  interesting 
point,  they  are  closely  dependent  on  the  integrity  of  the  spinal 
cord,  and  of  the  connections  between  the  cord  and  the  muscles. 
In  the  case  of  animals  they  diBa|>pear  when  the  spinal  cord  ia 
destroyed,  or  the  nerves  going  to  the  muscles  are  severed  t}r  even 
when  the  posterior  roots  only  are  divided.  And  in  the  case  of 
man  they  are  diminished  or  wanting  in  certain  disease's  uf  the 
spinal  cord  (locomotor  ataxy),  and  exaggerated  in  others;  so 
much  so  indeed  that  they  have  become  of  practical  cliniital 
importance  as  a  means  of  diagn>»9is.  Without  discussing  the 
matter  any  further,  we  may  say  that  such  phenomena  indicate 
that  the  nutrition  and  the  irritability  of  a  muscle  are  in  some 
way  governed  by  influences  of  one  kind  or  another  which  pro- 
ceed from  the  spinal  cord,  and  which,  in  certain  cases  at  all 
events,  are  the  result  of,  or  are  determined  by,  intluencea*  of  a 
similarly  obscure  nature  reaching  the  cord  from  the  muscles  by 
the  [>osterior  roots  of  the  spinal  nerves. 
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Ssa  3. — As  A  CoNi)UcroR  of  Afferent  or  Effkrknt 

IMPUL6K8. 

When  we  feel  something  touching  car  foot,  or  when  we  move 
our  foot,  aiferent  or  efferent  impulses  must  evidently  {mss  a]ongj 
the  whole  length  of  the  Bpiiial  cord  on  their  way  to  and  from 
the  brain.  We  may  say  at  once  that  it  is  impossible  that  sen* 
sury  impulses  ebould  be  conveyed  Btraight  along  a  fibre  from  the 
periphery  to  the  sensorium,  and  volitioual  impulses  etraighl 
along  another  fibre  from  the  "  organ  of  the  will "  to  the  niuecular^ 
fibre;  the  number  of  fibres  in  the  cord  is  wholly  iuHufficient  for 
such  a  purpose.  Moreover,  not  only  anatomical  but  physiologi- 
cal constderatiouB  show  that  conduction  along  the  cord  is  not 
simple,  but  carried  out  by  a  more  or  less  intricate  system  of 
relays. 

The  phenomena  of  reflex  action  have  shown  us  that  the  cord 
contains  a  number  of  more  or  less  complicated  mechanisms 
capable  of  pru<)ucJog,  as  reflex  results,  coordinated  movemeots 
altogether  similar  to  those  which  are  called  forth  by  the  will. 
Now  it  must  be  an  economy  to  the  body  that  the  will  should 
make  use  of  those  mechanisms  already  present,  rather  than  that 
it  should  have  recourse  to  a  special  apparatus  of  its  own  of  a 
similar  kind.  It  h  therefore  a  priuri  probable  that  when  ihe 
foot  is  pricked  the  sensory  impulses  so  generated,  on  reaching 
the  Cord  pas*  into  the  gray  matter,  there  to  underco  a  certain 
amount  of  transformation  and  thence  to  be  transmitted,  either 
by  direct  and  simple,  or  by  indirect  and  complicated  paths  to 
the  brain.  Similarly^  we  may  suppose  that  when  the  leg  if] 
moved  by  an  effort  of  the  will,  volitional  impulses  starting  from 
the  brain,  pa«&  by  a  more  or  less  direct  path  to  certain  portions 
of  gray  nmitor  in  the  lumbar  cord,  with  which  the  motor  fibres 
of  the  uervea  of  the  leg  are  specially  connected,  and  induce  such 
changes  in  this  gray  matter  as  to  lead  to  the  di.-:n;harge  of  the 
appropriate  impulses  along  those  motor  fibres.  Aud  such  a  view 
is  strongly  supported  by  the  anatomical  fact,  as  illustrated  bji 
Figs.  221,  222,  22'S,  that  along  the  length  of  the  spinal  cord  ibw 
amount  of  gray  matter  varies  according  to  the  number  of  fibrei] 
pasfiiug  iuto  the  cord,  indicating  that  the  fibres  ns  they  pass  inCA< 
the  cord  have  a  certain  amount  of  gray  matter  atlotteid  U>  them. 
Moreover,  though  the  course  which  the  fibres  of  the  pusterior 
roots  take  immediately  upon  entering  the  cord  has  perna[>s  not 
yet  been  satisfactorily  determined,  the  fibres  of  the  anterior  nwt 
have  beeu  definitely  traced  to  the  nerve-cells  of  the  anterior 
cornu  ;  and,  according  to  recent  observations,  in  the  fnig  at  all 
events,  the  cells  of  the  anterior  cornu  are  equal  in  number  to  the 
"bree  of  the  auterior  root. 
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But,  admitting  thie,  there  etill  remains  the  question,  How  do 
volitional  ami  eonsory  inipulses  travel  along  the  cord,  between 
the  brain  on  the  one  hand  and  the  gray  mutter  belonging  to  this 
or  that  nerve-root  on  the  other  t 


ViQ.  221. 


V    trf    Bl    II     I    V    N  IH    II     I   xil  )^    i    K  \BI  Vll  Vl    V   (V    VI    1^     1  Vfti  vll  \ft  >3  W   |fl    A    1 
DtAQKAH   HH(I«U1U  TUK  XlCUTtTK  BkI-TH)!! Al.   AurA*   vv  Tlie  9n»AL  NSBVMtt   AS  Tiiitr 

joiir  TUK  SrtxAi,  Cmhu. 

Fig.  22'J. 


V  IV  111  II  I  V  IV  111  K  I  ((I  XI  X  aviii  v"  VI  V  IV  III  II  1  Vll  Vll  VI  V  mil  TT 

DiA'juiM  Sttitwinu  TUtt  VmiTU)  Skltiohai.  ARCAftur  tub  SriNAL  Kehtu,  riiofTRifrhtj 
mux  Bklow  llrwARiw. 

FiQ.  228. 


■      V    N  (II   t-     I     V    IV    t'<    II     t    Wl    «   H    I*.  VTl  S»l  \/l    ^   N  I"    H    '    vu>\fi\  \;t   V    fV    in    n     I 

PlAUlAM  SlIUWINII  rnn  VAUATtiWS  l»  THR  SRCTIUMALArIU   ur  TIIR  QrAT   MaTTRR  or  TlIB 

Si-iMAL  Odru  alosh  m  Lkjiijtii. 

Alt  tlirvQ  flpir*«  are  |4>  liwl  Tram  iun  llbe  iHitUmi  uf  Ui«  t-unJ  i  U>  H(:lil  l.tuji  of  Ute  conl), 
111"  nnti)*nit*  llirllisitliiR  fiico^TNtvcly  1Ih>  aocnil,  lututuir,  ilorwl,  ninl  corvlcAl  nerro*.  Tho 
flgnrr*  urv  iiutjirawD  lu  Utu  t«xiw  m:uIv. 

Our  information  concerning  the  coDduction  of  impulses  along 
the  spinal  c<»rd  is  derived  partly  by  anatomical  deductiuu.  partly 
from  experiment,  and  partly  from  pathologioal  observation. 
These  several  methods  have  their  advantages  and  disadvantages. 
We  have  just  now  brought  forward  u  very  general  unatomical 
deduction.  More  detailed  inferences  are  afforded  by  the  Wal- 
lerian  method  (seep.  oU6j.     When  the  spinal  cord  is  diseae/^^x 
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injured  at  anj  point,  tracts  of  degenerated  fibres  may  at  times  be 
trace<l  on  tlie  one  hand  upwards  toward  the  brain,  or  on  the 
other  downwards  in  a  peripheral  direction.  The  i'ormer  may  be 
taken  &s  being  i^ensory  or  alTereut,  and  the  latter,  together  with 
tracts  of  degeneration  in  the  cord  which  are  found  associated 
with  disease  of  the  brain,  as  motor  or  efferent.  Again,  when  the 
development  of  the  spinal  cord  is  studied,  it  is  found  titat  the 
fibres  of  different  tracts  assume  their  medullary  sheaths  at  dif- 
ferent times;  and  by  this  means  the  loDgitudiuul  fibres  of  the 
cord  may  be  differentiated  into  tracts  having  different  terminal 
connections,  some  tracts  being  thus  traced  into  the  crura  cerebri, 
others  into  the  cerebellum,  while  others  appear  to  terminate  in 
the  medulla  oblongata,  or  both  to  begin  and  end  in  the  cord 
itself.  These  different  distributions  obviously  suggest  different 
functions.  But  all  such  anatomical  deductions  must  here,  as 
elsewhere,  be  received  with  caution. 

When  experiments  are  used  as  a  means  of  inquiry,  we  are  met 
with  the  danger  of  confounding  the  immediate  and  temporary 
effects  of  the  operation,  such  as  those  ppjduced  by  shock,  wiln 
the  more  real  and  lasting  effects.  It  is  difficult,  too,  in  such  cases 
to  determine  the  existence  of  sensations,  and  to  distinguish  be- 
tween reflex  and  purely  voluntary  movements.  The  difficulty 
of  recognizing,  and  especially  of  quantitatively  estimating  the 
value  of  signs  of  sensation  has,  however,  been  met  by  an  inge- 
nious use  of  variation;*  in  blood-pressure.  We  have  seen  that, 
at  all  events  in  an  animal  under  urari,  afferent  impulses  occasion 
a  rise  of  blood-pressure.  If,  having  determined  the  amount  of 
rise  due  to  a  definite  stimulation  of  a  sensory  nerve,  such  as  the 
sciatic,  we  make  an  incision  into  the  spinal  cord  of  the  doraal 
region— dividing,  for  instance,  part  of  the  lateral  column  on  one 
side — and  afterwards  find  that  the  same  stimulus  applied  In  the 
same  way  to  the  sciatic  nerve  leads  to  a  greatly  diminished  rise 
of  blood-pressure,  we  are  justifie<l  in  inferring  that  the  afferent 
impulses  affecting  blood-pressure  are  largely  conducted  through 
the  part  of  the  lateral  column  which  has  been  divided.  We  may 
thus  obtain  a  definite  measure,  in  millimetres  of  mercury,  of  the 
effect  produced  by  the  injury.  On  the  other  hand,  the  value  of 
this  precise  measurement  is  diminished  by  the  doubt  whether  we 
have  a  right  to  conclude  that  the  afferent  impulses  which  afiect 
bluod-presi^ure  take  the  same  counic  as  those  which  give  rise  to 
sensatiinis,  and  affect  conscioufiuess.  And,  further,  in  all  expen- 
mental  results  on  animals,  we  must  bear  in  mind  the  probabilitr 
that  the  functions  of  the  spinal  cord  may  vary  in  different  ani- 
mals, possibly  to  a  very  considerable  extent. 

In  patholugicul  cases  we  have  the  advantage  of  tteing  able 
clearly  to  define  sensation  and  volition,  but  this  is  freque&Uj 
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^B  more  than  counterbalanced  by  the  difluse  nature  of  the  injury  or 

^^   disease,  and  the  want  of  exact  anatomical  verification.     When 

these  facts  Rie  borne  in  mind,  it  will  easily  be  understood  that 

in  no  part  of  physiology  arc  the  statements  of  investigators  more 

confliL'tin^  and  unuatisfactory. 

One  salient  fact  conies  out  in  all   observations,  whether  ex-   ■ 
perimeiiLal  or  pathological,  viz.,  that  between  the  brain,  where   " 
volitional  impulses  are  started,  or  where  conscious  sensations  are 
perfected,  and  the  muscle  which  carries  out  the  movement  or  the    _ 
sentient  surface  where  the  sensory  impulses  begin,  there  is  a  ■ 
complete  crossing  or  decussation  of  all  impulses,  whether  sensory    ■ 
or  motor.     When  the  right  side  of  the  brain  is  injured  or  dis- 
eased—  when,  for  instuiicc,  damage  is  done  to  the  right  corpus 
\         striatum  and  optic  thalamus,  it  is  on  the  lefl  ^ide  of  the  body,  iu 
the  left  limbs,  and  in  the  left  face,  that  the  [laralysis  and  luss  of 
sensation  appear;  it  is  on  the  left  side  that  scnscvry  impulses  fail 
to  affect  consciousness,  it  is  on  the  left  side  that  the  muscles  can 
no  longer  be  reached  by  volitional  impulses.     liesuUs  other  than 
these  indicate  complications  involving  the  other  side  of  the  brain. 
Further,  all  observers  are  agreed  that,  as  far  as  the  spinal 
nerves  are  concerned  (and  since  we  are  now  trealing  of  the  spinal 
cord,  we  may  for  the  present  leave  out  of  consideration  the  cranial 
nerves),  the  decussation  is  complete  at  about  the  level  of  the 
up[>er  part  of  the  medulla  oblongata  and  pons  Varolii  when  the    - 
paths  are  traced  upwards;  that  is  to  say,  all  the  sensory  impulses  I 
coming  from,  and  all  the  volitional  impulses  paesing  to,  the  left    " 
side  of  the  body,  make  their  way  alang  the  ri^rlit  crus  cerebri. 
Nearly  all  observers,  again,  are  agreed  that  the  sensory  impulses   j 
cross  over  lower  down  in  the  spinal  cord  than  do  the  vulitional   I 
impulses;  but  opinions  differ  as  to  the  exact  difference  iu  the 
paths  of  the  two  kinds  of  impulse.     Experiraenta  conducted  by 
some  observers  have  seemed  to  show  that  transverse  division  of 
the  lateral  half  of  the  cord  in  any  part  of  ils  course  below  the 
medulla  oblongata  is  followed  on  the  same  side,  below  the  injury, 
by  losri  of  voluntary  movement,  acrompanie<l  by  no  l(»sa  of  sensa- 
tion, but  even  by  increased  sensitiveness  or  hypenesthesia,  and 
on  the  opposite  side  by  h^^s  of  sensation  without  any  afiectiou  of 
voluntary  movement.     From  these  and  other  experiments,  these 
I         authors  conclude  that  sensory  impulses  entering  into  the  <x>rd  at 
a  posterior  root  immediately  cross  to  the  other  side  of  the  cord, 
and  so  ascend  to  the  brain,  whereas  efferent  impulses  of  volition 
cross  wholly  in  the  region  of  the  medulla  oblongata,  and  after- 
^^K    wards  keep  to  the  same  side  of  the  cord  along  its  whole  length. 
^^H    Other  observers,  and  these,  perhaps,  are  deserving  of  the  greater 
^M    confidence,  find  that  a  section  of  a  lateral  half  of  the  cord  affects 
^H    both  volitional  and  seDsory  impulses  of  both  sides,  thuw^t^x  Vc^ 
^H   different  degrees,  the  loss  both  of  senaaUoQ  ttudi  mo>AQ\x  \^\ti^ 
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greater  on  the  side  operated  on  than  on  the  other.  Hence,  they 
maiatain  that  the  decu&iatiou  ofboth  kimlH  of  impulses  is  gradual, 
extending  some  distance  along  the  (y»rd.  Thus,  they  hold  that 
the  volitional  impulses  for  the  hind-limb,  while  crossing  over 
largely  iu  the  upper  part  of  the  cord,  luintinuc  to  ernes  over 
right  down  to  the  lumbar  region,  and  similarly  that  the  senaory 
impulses  froni  the  liiud-timb,  while  crosttiug  largely  iu  the  lumbar 
region  of  the  cord,  continue  to  cross  in  the  dorsal  or  even  in  the 
cervical  region. 

Admitting  this  latter  view  as  the  one  roost  in  accordance  with 
facts,  we  have  still  to  ask  what  are  the  exact  paths  taken  by  the 
volitional  and  sensory  impulses  in  their  respective  courses — that 
is  to  say,  What  are  the  particular  parts  of  the  spinal  cord  which 
serve  to  conduct  volitional  impulses  on  the  one  hand  and  sensory 
itnpulsea  on  the  other?  Upon  the  discovery  of  the  distinctive 
functions  of  the  anterior  and  posterior  roots,  tt  seemetl  natural  to 
conclude  that  the  anterior  colunina  with  which  iho  anterior  roots 
are  more  directly  connected,  should  serve  as  the  path  for  voli- 
tional impulses*  and  similarly  that  the  posterior  columns  should 
afford  a  path  for  sensory  impulses.  But  this  view  was  soon  found 
to  be  untenable ;  and  it  l>ecame  modified  int<j  the  conception  that 
sensory  impiilspa  pass  along  the  posterior  columns  and  the  gray 
matter,  while  volitional  impulses  descend  in  the  antero- lateral 
columns.  Further,  this  somewhat  general  statement  has  been 
reduced  to  greater  defiuiteneas  by  some  authors  in  the  following 
way.  They  hold  that  the  impulse»  which  when  they  reach  the 
brain  give  rise  to  feelings  of  general  sensibility  only  or  of  pain, 
and  the  impulses  which  form  part  of  the  chain  of  a  reflex  act,  aa 
when  the  foreleg  or  hindleg  movea  in  response  to  a  stimulus  ap- 
plied to  the  hindleg  or  foreleg,  respectively,  are  transmitted  by 
the  gray  matter,  and  by  all  parts  of  the  gray  matter,  and  that 
in  any  ilirection.  Distinct  tactile  sensations,  on  the  other  hand. 
they  cnntenii,  travel  exclusively  by  the  iK>sterior  columns,  and 
distinct  vnlitinnal  impulses  by  the  antero-lateral  columns.  That 
theee  several  kiuds  of  impulses  should  travel  by  separate  paths, 
does  not  in  itself  seem  improbable,  and  is,  to  a  certain  extent, 
suggested  by  pathological  experience.  For  carefully  observed 
cases  have  been  recorded  of  disease  of  the  cord,  and  apparently 
of  the  cord  alone,  in  which  the  patient  could  appreciate  even  a 
slight  touch  but  felt  no  pain  when  a  needle  was  thrust  into  the 
akin,  or  when  the  skin  was  otherwise  treated  in  a  way  which, 
under  normal  circumstances,  would  trive  rise  to  pain.  Con- 
versely, the  sense  of  touch  baa  been  found  to  be  alisent,  while 
pain  was  still  felt.  Similarly,  as  was  stated  on  p.  6K0,  cases  have 
oeen  recorded  where  the  sensation  of  pressure  was  retained  but 
that  of  temperature  impaired  or  lost,  and  vice  versa.  Such  oases 
iiowerer  have  not  aa  ^et  ft$Cv>r<\ed  any  clear  inaight  as  to  what&ra 
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the  actual  paths  uf  the  reHpective  sensory  impulaeH.  While  they 
do  not  oppose  they  do  not  distinctly  confirm  the  view  we  are 
B|>eaking  of  as  lo  the  particular  j)all]S  of  these  i«everal  kiutU  of 
impulse.  Nor  in<ieed  can  thia  view,  either  in  its  more  general  or 
in  its  more  elaborate  forn).  be  considered  a.s  adequately  supported 
by  experimental  evidence. 

For  the  investigations  of  other  oliservers,  especially  the  more 
recent  ones,  including  thoee  ct.)nducted  by  the  blood-pressure 
niethml,  largely  concur  in  showing  that  along  the  cord,  at  all 
events  iu  the  dorsal  region,  both  volitional  and  sensory  impuUes, 
indeeil  we  might  say  impulses  of  all  kinds  par^sing  between  the 
brain  and  various  parts  of  the  spinal  cord,  or  between  distinct 
parts  of  the  cord  itself,  run  in  the  lateral  columns.  This  view  is 
further  supported  by  the  anatomical  facts  thai  the  lateral  columns 
(Fig.  224)  increase  in  bulk  from  below  upwards  to  a  nmch  greater 
degree  than  do  either  the  anterior  or  posterior  columns  (Figs. 
225,  226),  and  that  afler  certain  diseases  or  injuries  of  the  brain 
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or  cord  tracU  of  degeneration  travel  downwardg  aud  upwards 
respectively  in  the  lateral  columns  (though  accompanied  hj  de- 
geueratton  in  other  parts)  ;  moreover,  the  methfKl  of  development 
spoken  of  at  p.  703  teaches  that  a  large  part  of  each  lateral 
column  is  as.-^ociaLed  with  the  pyramids  (and  hence  fiometimes 
called  pyramidal  tracts)  and  so  with  the  crura  cerebri  and  the 
brain.  It  may  he  added  that  the  decussation  of  the  pyramids 
in  the  medulla  oblongata  Ia  chiefly  a  decussation  of  the  lateral 
columns,  though  ohviously.  from  what  huu  been  said  before,  de- 
cussation of  impulses  does  uot  take  place  exclusively  here.  And 
such  pathological  evidence  as  is  forthcoming  aho  to  a  certain 
extent  supports  the  same  view.  For  while  disease  of  the  pos- 
terior cornua  and  posterior  columns  seems  to  affect  the  sensory 
impulses  passing  along  the  nerves  which  pass  into  the  cord  at  the 
diseased  part,  and  disease  of  the  anterior  cornua  aud  (though 
this  is  leas  clear)  of  the  anterior  columns  is  similarly  confined  in 
its  action  to  motor  impulses  passing  out  by  the  nerves  belonging 
to  the  diseased  part,  disease  of  the  lateral  columns  ^eems  to  affect 
chie6y  the  transmission  of  impulses  along  the  length  of  the  cord 
and  especially  the  transmission  of  volitional  impulses,  for  the 
evidence  as  to  the  interference  in  the  conduction  of  seoBalions  by 
disease  other  than  of  the  posterior  columns  and  cornua  is  by  no 
means  large  or  conclusive. 

Accepting  this  view  provL-iionallv.  we  may  form  some  such 
conception  as  follows  of  the  conduction  of  volitional  and  aensory 
impnIsoH.  Volitional  impulses  cross,  to  a  considerable  extent  in 
the  medulla  oblongata,  but  continue  to  cross  probably  to  a  less 
and  less  extent  all  the  way  down.  In  either  case  they  appear  to 
travel  along  the  cord  in  the  lateral  odumns.  Eventually  they 
become  connected  (possibly  through  part  at  least  of  the  anterior 
columns)  with  the  gray  matter  of  the  anterii^r  cornua,  where 
they  join  the  local  nervous  mechanisms  of  which  we  have  spoken 
above.  From  the  gray  mutter  the  impulses  proceed  by  the 
anterior  roots  to  the  appropriate  musctea.  Similarly  sensory 
impulses  make  their  way,  with  the  intervention  possibly  of  the 
posterior  columns,  first  into  the  gray  matter  of  the  posterior 
cornua,  and  theuce  into  the  lateral  columns,  and  so  up  to  the 
brain,  decuasalion  being  effected  at  first  largely,  and  afterwards 
to  a  less  extent,  though  coutinued  upwards  for  some  distance. 

It  must  be  remeiiilKTcd  however  that  such  a  conception  can 
only  be  regarded  as  provisional.  And  indeed  coutinued  experi- 
mental investigations  teach  us  that  this  view  also  is  in  turn  beset 
with  many  difficulties.  We  have  already  c-alled  and  shall  have 
occasion  again  to  call  attention  to  the  importance  of  dintinguisbing 
between  the  immediate  and  the  more  permanent  eH'ecta  of  any 
operation  on  the  central  nervous  system.    Now  oases  have  bcwn 
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bility  and  voluntary  power  in  the  hiud-legs,  but  where  without 
any  regeneration  in  the  divided  tracts  recovery  has  ultimately 
taken  place,  the  return  of  voluntary  power  being  nearly  if  not 
absolutely  complete.  So  also  cases  have  been  recorded  in  which 
the  section  of  a  lateral  (say  right)  half  of  the  lower  dorsal  cord 
has  le<l  to  an  impairment  of  sensibility  and  voluntary  power  in 
the  hind-legs,  most  marked  on  the  same  side,  but  in  which  the 
inipairiiieut  has,  in  the  course  of  time,  completely  or  nearly  com- 
pletely disappeared  without  any  regeneration  of  the  cord  taking 
place,  and,  further,  in  which  a  second  lateral  section  higher  up 
in  the  cord,  and  this  time  of  the  other  (left)  half,  has  again  led 
to  impairment,  again  to  be  followed  by  c^>mplete  or  nearly  com- 
plete recovery.  Cases  of  this  kind,  carefully  conducteil  and  ob- 
served by  competent  persons,  place  us  in  considerable  ditfioultiea. 
If  we  admit  that  the  immediate  effects  of  the  o|>eratiou  are 
largely  due  to  ** shock"  anH  inhibitory  processes,  and  that  after 
the  lateral  section  of  the  right  half  of  the  cord,  sensory  volitional 
impulses  passed  to  and  from  the  hind-legs  by  the  left  half,  then 
the  recovery  from  the  second  operation  shows  that  these  impulses 
must  have  crossed  between  the  two  sections  from  the  left  to  the 
right  side.  From  which  we  might  infer  that  impulses  travelling 
along  the  cord  were  continually  passing  in  a  zigzag  fashion  from 
one  lateral  half  to  the  idher  ;  and  an  analogous  series  of  experi- 
ments in  which  the  anterior  and  posterior  nalves  were  divided 
at  different  heights  would  lead  us  to  infer  in  addition  that  the 
impulses  also  crossed  in  a  similar  zig/ag  fashion  from  front  to 
back  and  back  to  front.  But  then  the  serious  question  is  started, 
Is  this  serpentine  path  the  normal  one,  or  an  artitirial  one  forced 
upon  the  impulses  by  the  abnormal  cimdition  of  the  cord? 
Finding  their  usual  ])ath  blocked,  did  they  make  for  themselves 
new  tracts?  But  if  such  alternative  passages  be  possible,  how 
can  we  trust  to  either  experiment  or  disease  to  show  us  the  nor- 
mal paths,  or  what  right  have  we  to  speak  of  normal  paths  at 
all? 

It  wilt  l)e  seen  from  the  foregoing  that  the  time  is  not  yet  ripe 
for  making  any  dogmatic  statement  concerning  the  conduction  of 
impulses  along  the  cord  ;  and,  indeed,  the  controversies  concern- 
ing it  have  perhaiw  acquired  a  factitious  importance.  If  we 
might  venture  to  deiJuce  any  distinct  lesson  from  all  the  various 
conflicting  statements  and  results,  it  would  lie  that  the  com- 
plexity and  perfection  of  the  nervous  mechanisms  of  the  spinal 
cord  itself  has  been  underrated  rather  than  overrated.  We 
spoke  at  the  beginning  of  this  section  of  a  system  of  relays;  we 
insisted  on  the  existence  of  mechanisms  with  which  tl\«  %xiX«tv»t 
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and  poaterior  roots  were  reepectively  in  immediate  connection 
and  the  results  of  experiment  as  well  as  of  pathological  experi- 
ence seera  to  show  that  impulses,  whether  of  volition  or  of  sen- 
sation, wr)rk  their  way  along  the  cord  through  a  whole  series  of 
such  and  siroilar  mcchauisms,  rather  than  through  simple  direct 
straightforward  tracts  of  continuous  fibres  whether  in  the  lateral 
columns  or  elsewhere. 

In  connection  with  this,  a  curious  apparent  contradiction  be- 
tween the  results  of  pathological  observation  and  experimental 
investigation  may  be  mentitmed.  On  the  one  hand,  pathological 
observation  clearly  tenches  that  a  limite<l  disease  of  the  cord 
affects  the  conduction  of  volitional  impulses  much  more  dis- 
tinctly than  it  does  that  of  sensory  impulses.  A  segroent  of  the 
cord  may  be  very  largely  diseased,  causing  a  large  or  complete 
block  to  volitional  impulses,  and  may  yet  serve  to  conduct  sen- 
sory impulses,  which,  however,  are  in  that  case  generally  re- 
tarded as  if  the  impulses  were  making  progress  upwards  by  a 
roundabout  and  difficult  route.  On  the  other  hand,  in  the  case 
of  experiments  aAer  various  sections  of  the  cord,  the  recovery 
of  voluntary  power  is  generally  more  speedy  and  more  complete 
than  that  of  liistinctly  conscious  sensations,  even  when  both  are 
primarily  affected  by  the  operation.  The  contradiction  may 
partly,  perha|ie,  he  explained  by  the  difficulty,  in  the  case  of 
animals,  of  any  objective  quantitative  determination  of  aeoaa- 
tion,  but  not  wholly.  Both  facts  point  to  the  possibility  of  both 
sensory  and  volitional  impulses  making  their  way  by  changed 
paths  uuder  changed  circumstances. 

AVe  may  conclude  our  observations  on  this  difficult  but  proba- 
bly pregnant  topic  by  the  following  statement.  While  we  appear 
to  have  evidence  that  sensory  and  motor  impulses  arc  connected, 
at  their  entrance  into  and  exit  from  the  cord  with  complicated 
mechanisms,  in  which  the  gray  matter  undoubtedly,  and  poasibly 
portions  of  the  posterior  and  anterior  columns,  are  involved^tbe 
paths  along  the  cord  are  not  clearly  known.  We  haveaonie 
reason  to  think  that  they  pass  largely  along  the  lateral  columns, 
but  probably  not  in  a  direct  straightforward  manner,  the  whole 
cord  being  functionally  a  series  of  mechanisms,  for  which  the 
white  matter  supplies  commissural  connections.  And  the  view 
that  the  paths  may  shift  according  to  circumstances  is  not  with- 
out a  certain  support 

As  was  8iate<l  above,  after  unilateral  section  of  the  spinal  cord, 
the  sensation  on  the  same  side  below  the  injury,  so  far  from  being 
diminished  or  lost,  has,  in  a  certain  number  of  cases,  tJiough  by 
no  means  always,  been  observed  to  be  increased ;  the  parta  are 
then  said  to  suffer  from  hypenosthesia.  Since  the  hy|)eriefttliQftia 
appears  immedintely  after  the  operation,  it  cannot  be  due  to  any 
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iuflanjmatory  process.  Nor  can  it  he  explained  as  simply  the 
result  of  tlie  increaseii  supply  of  blood  to  the  peripheral  termi- 
nations  of  the  sensory  nerves,  caused  by  the  section  involving 
vaso  motor  tracts;  since  the  simple  section  of  a  vasomotor  tracts 
as  when  the  cervical  sympathetic  is  divided,  does  not  give  rise 
to  hypera^^thesia.  Nor  can  we  explain  it  as  due  to  a  one-sided 
hypenemia  of  the  spinal  cord  itself,  for  we  have  no  evidence 
that  such  a  state  of  things  is  brought  about.  Since  it  lasts  for 
a  very  considerable  time  it  cannot  bu  due  to  any  passing  exciting 
effect  of  the  operation.  It  has  been  suggested  that  section,  in 
such  cases,  has  removed  previously  existing  inHueuces,  which 
descending  the  cord  exercised  an  inbibitury  action  on  the  genera- 
tion of  sensory  impulses,  more  particularly  of  those  more  com- 
plex impulses  which  we  have  supposed  to  arise  in  the  loc-al 
mechanism  of  gray  matter  with  which  the  posterior  roots  are 
connected.  In  other  wonls,  this  one-sided  exaltation  of  sensa- 
tion may  be  compared  to  the  general  increase  of  reflex  action 
which  occurs  in  the  spinal  cord  ailer  removal  of  the  brain.  But 
we  cannot  enter  into  the  full  iliscussion  of  tbta  matter  here. 

Much  discussion  has  arisen  on  the  question  whether  the  spinal 
cord  itself  is  irritable  towards  stimuli  other  than  nervous — that 
Ib,  whether  it  can  be  excitetJ  by  electric  and  other  stinuili  applied 
directly  to  it.  Undoubtedly,  the  cord,  as  a  whole,  is  irritable; 
if  two  electrodes  be  plunged  into  it,  and  a  current  sent  through 
it,  muscular  movements,  arterial  constriction,  and  other  results, 
follow.  But,  in  such  a  case,  the  current  may  fall  into  nerve- 
roots,  which  are  as  irritable,  at  least,  as  nerve-trunks.  But  even 
if  the  nerve-rmUfi  be  eliminated,  the  white  matter,  at  least,  is 
irritable;  for  it  has  been  found  that  movements  result  when  the 
anterior  columns  are  isolated  for  some  way  down  and  stimulated 
with  an  electric  ourrcul.  With  regard  to  the  gray  matter,  it  has 
been  nmiutained  that  though  it  will  convey  both  motor  and  sen- 
sory impulses,  it  cannot  originate  them.  It  has  accordingly  been 
spoken  of  as  k-inesodic  and  ccsihetodic,  as  simply  affording  paths 
for  motor  and  sensory  impulses.  But  thu  arguments  urged  in 
support  of  this  view  cannot  be  regarded  a.«i  conclusive. 


CHAPTER    VI 


THE  BRAIN. 

[Tfie  Physiological  Anatomy  of  the  Brain, 

Tub  bmin  is  that  portion  of  the  cerebro-fipinal  axis  which  is 
situated  within  the  crauium.  It  consists  oi  a  number  of  gan- 
glionic collections  of  nervous  matter,  which  are  ititimntety  con- 
necieii  with  each  other  by  iuterconimunicating  fibres,  and  with 
the  general  aysteoi  by  the  senaory  and  motor  nerves.  The  masB 
of  the  brain  subBtunee  is  formed  by  the  cerebrum,  cerebellum, 
pons  Varolii,  and  medulla  oblongata. 

Tiie  medulla  oblongata  (.Figs.  2*27,  li28,  and  229)  is  continuous 
below  with  the  spinal  cord,  and  above  with  the  pons  Varolii.  It 
is  situatetl  obliquely,  pointing  downwards  and  backwan^s,  and 
rests  upon  the  basilar  groove  of  the  occipitn!  bone.  It  is  divided 
anteriorly  and  posteriorly  into  two  portions  by  the  anterior  and 
posterior  median  fissures,  which  are  continuations  of  the  same 
fissures  in  the  spinal  cord.  The  halves  are  symmetrical  and 
marked  by  grooves,  dividing  each  of  them  into  four  smaller  por- 
tions, which  from  before  backwards  are:  the  anterior  pyrami/U, 
Uiiertil  Irnchfy  restifonn  bodies,  and  posterior  pyramids. 

The  anterior  pyramids  UTG  continuous  with  the  anterior  columns 
of  the  cord,  and  are  composed  principally  of  fibres  of  the  an- 
terior columns,  and  partly  of  fibres  of  the  lateral  tracts  and 
p<isterior  columns  of  both  sides.  The  fibres  from  the  oppoeite 
side  are  received  through  four  or  five  decussating  bands  which 
cross  in  the  median  line.  (Fig.  227.)  These  bands  are  formed 
by  fibres  from  the  lateral  tracts,  of  fibres  from  the  anterior 
columns,  and  of  fibres  from  the  pt>8terior  columns.  The  lateral 
tracts  are  continuous  with  the  lateral  columns  of  the  cord  ;  each 
has  resting  upon  it  a  sinuti  oval  uiass  of  nervous  matter  called 
the  olivary  body.  This  body  consirits  of  white  matter  externally 
and  C4>nlaina  a  gray  uucleus-,  the  corpw  dentatum.  Running  from 
the  anterior  columns  and  curving  around  the  lower  end  of  the 
olivary  body  is  a  narr»)w  band  of  fibres  called  the  jibra  nrciformes. 
The  reMijonn  bodies  are  the  largest  of  the  four  portions,  and  ara 
continuous  with  the  posterior  columns  of  the  cord  ;  they  diverge 
as  they  ascend  and  form  the  inferior  [>eduncle8  of  the  cerebellum. 
( Fig.  231 .)    The  posterior  pyramids  are  small  narrow  cords  { fasci- 
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culi  graciles),  which  are  aituated  one  on  each  side  of  the  poeterior 
median  fissure,  and  separated  from  the  restiform  bodies  by  elight 
grooves.  These  bodies  also  diverge  with  the  reatiform  bodies, 
and  become  blended  with  them. 


Fro.  TZl. 


Fia.  228. 


Flu.  Xr7.— VUtw  uf  tliii  Autrriiir  Surfara  uf  llic  Putu  Vttiulll  uliil  Mmlillln  Oblongata. 
«  •,  aiiteriur  iiymmld*:  h,  th<iir  <U<(.-un>(iuti ;  c  r,  ullritry  tMxlk-a ;  d  d,  nstirnrm  bodlM ; 
*t  feitrlfDrni  Itlire* ,  /,  nitn-i  ituwHIie))  I),t  i^lljr  an  puiilug  tWjtu  the  MDUtriur  culuniti  of  the  curd 
lo  (bp  o«ntwl]um  ;  g,  aDtorior  culuuiu  uf  tlio  §piuAl  corU  :  A,  UteraJ  coltuun ;  p,  ihmi*  Yarolli; 
(,  lt>  uppor  flhrai ;  i  d,  ruuta  of  the  Ofth  ral'* »'  n«j-vM 

rio.  226.— view  uf  thn  Pcwtfriur  Hiirftim  uf  tlii'  l'i>iu  Varulii,  0<jr|R>m  Qtuutrleunlna,  and, 
Hedtllt*  OlitoOKiita  Tijc  p<>llilHlafi  vf  tlir  ■'^ivbrlluiii  uiv  cut  oliort  at  tlio  viilv.  a  «,  tll*1| 
Qfippr  |««lr  i>f  rorpxni  iitiartrttf^niliia ;  A  b,  lUn  luwor  ;  / /,  «np<Tl"r  )iciliinolv»  of  Iho  cai 
twlluni ;  c,  cuiiini-iK-e  coDm^ctct]  with  llio  ducU-um  of  thi^  liy[H>gt<K*ml  tiorve;  r,  tluitof  tbttj 
ICl<)ssu-pbiu-}'iifff«|  Dcrw  ;  i,  tbat  uf  tli«  Ta^Uft  Df-n-e;  it  d,  ivsufonu  IjoiUim;  jj  |i,  iioiterioc 
jijmiiitda;  «  V,  p-ooTu  In  tho  luUldlo  uf  thu  foartli  vuairkle,  KiitlliiK  bvluw  lu  the  caUmiu 
■ertpioriua ;  7  7,  ruota  of  tli«  auditorx  iMirvrat 


The  fibres  of  the  anterior  pyramids  are  distributed  to  the 
cerebrum  and  cerebellum.  Of  the  cerebral  fibres,  some  pasa 
directly  through  the  pons  Varolii ;  others  join  fibres  from  the 
olivary  body  tn  form  the  olivary  faacicuius.  The  cerebellar 
fibres  pass  beneath  the  olivary  body,  and  are  distributed  to  the 
cerebellum.  The  fibres  of  the  lateral  tracts  run  in  three  direc- 
tions. The  internal  form  the  greater  portion  of  the  decuusatiuff 
bands,  and  a  part  of  the  anteri4>r  pyramids.  The  middle  ascend 
in  the  floor  of  the  fourth  ventricle,  and  join  with  fibres  of  the 
restiform  bodies  and  posterior  pyramids  to  form  the  fnseieidi 
teretes,  which  are  located  one  on  each  side  of  t\\fe  txi^v^xv  Ssaftwx^ 
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The  external  fibres  join  with  the  fibres  of  the  restifonn  bodies, 
and  pass  to  the  cerebellum.  The  restilbrm  bodies  receive  fibres 
from  both  the  anterior  and  lateral  columns,  and  after  entering 
the  pona  divide  into  two  portions :  Che  inner  joins  the  fibres  ca 


Pro.  229. 


I'     <  '  iisiA'%  rsKRP  riuM  n»  VMiftftAxah 

1,  thi9  fuTQputof  lli«  (ml  lontt* 
tiidhial  Itaitn);  *,  iiut'li  t">t^  Mjelltuu  ;  e,  opCk  eomnimm  ;  4,  Ml 

(MMluncIc  of  twrnltrniu  ;  «,  [MNili!riur  perfuraleO  wptmcs  ;  «  to  j,  luksrpnluiit-ti)»r  fittne ;  J^,  e«D- 
viiliitlim  i)f  Hylvlati  IWum ;  k,  titruil notion  of  (cynui  uur.iiuU.uii  bobiuJ  Uia  Sjiriaa  Awv»; 
<  lnfti[i<tll>alum  :  I  rifcbt  mM<lle  criu  or  |>wlt]ncl<>  r>r  cf  n>t>olloin  ;  m ««,  huniafhmm  of  («»• 
twlluni;  curpuni  ftlliiaintU;  o,  [wiw  VarvUl,  ojutliiuiju*  lit  twli  440  wllk  nlMW  a«a  of 
OAri'hflluiti ;  />,  untciiur  p«trfor»tr<l  iiimw«  ;  q,  hori/^nitjU  nNBiirs  uf  c«ntballum . 
I'lDervum  ;  »*',  HjlTi«o  ff«tniti*;  (,len  (•Mluncle  orcniaof  rorcr.iniiu:  ••«,  o]4lc  un^U;  r.  i—liifU 
wbluiiK>tA :  r,  iiikTgluuJ  i*uuvvluUunA  uf  lli«  loDjiitu'litial  flMura.  1  U>  It  lii4k*U  ||w  tsvafal 
^"Ipftin  or  r«r(-lira]  nanrr«,  DamberMi  •ccupHdk  l'>  the  upuaI  ouiJiUun,  yU.,  X,  allu4a 
^^  optic ;  3,  molar  norrt*  'if  ej* ;  4,  patbotlr ;  \  tiifitriii) ;  n,  ftMuooal  nam  of  «gr* :  T* 
Iuf7(  *ti>l  7'i  forlal ;  6^  gloMt^jiliu^ng**! ;  tK,  va^iM,  awl  fT,  qdiuU  acraMoty  ooraL 

the  posterior  pyramids,  and  are  traced  in  the  fasciculi  teretee; 
UiL'  outer  fibres  are  distributed  to  the  cerebellum  and  form  its 
inferior  peduncle.  The  fibres  of  the  posterior  pyramids  are  con- 
linued  up  to  the  cerebrum  through  the  fasciculi  teretea  or  to  the 
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cerebelJum.  The  outer  fibres  of  the  restiform  bodies  and  poe- 
terior  pyramids  diverge  as  they  nscend  in  the  meilulla  (Fig.  228). 
and  form  the  pustero-lateral  boundaries  of  a  lozenge-bhajXHi 
space,  which  is  called  the  fourth  vcniride.  The  ventricle  (Fig. 
231)  is  bounded  antero-laterally  by  two  bands  of  matter  extend- 
ing from  the  C4?rebolium  to  the  cerebrum,  chilled  the  procemstts  e 
cerebelio  ad  testes.  The  floor  is  formed  by  the  posterior  surface 
of  the  pons  Varolii  and  medulla  obloueata;  the  roof  is  formed 
by  a  band  of  gray  matter,  the  valve  of  Vietiaams,  which  stretches 
across  between  the  processus  e  cerebello  i^  testes,  and  by  the 
under  surface  of  the  cerebellurn.  In  the  portion  of  the  Hoor  of 
the  fourth  ventricle,  corresponding  to  the  point  of  divergence  of 
the  posterior  pyramids  and  restiform  bodies,  is  a  part  which, 
from  its  resemblance  to  the  point  of  a  pen,  is  called  the  calamus 
scriptorius  (Fig.  231). 

In  the  lower  part  of  the  medulla,  the  gray  substance  is  ar- 
ranged as  it  is  in  the  spinal  cord.  Approaching  upwards  it  is 
increased  in  quantity  and  becomes  mixed  with  white  libres.  The 
gray  commissure  is  exposed  in  the  floor  of  the  fourth  ventricle; 
the  posterior  cornua  become  expanded,  and  form  the  tubarculo 
cinero  of  Rolando,  which  appear  at  the  surface  «)f  llie  medulla 
oblongata  between  the  lateral  tracts  and  restiform  bodies.  Be- 
neath the  floor  of  the  ventricle  arc  a  number  of  special  deposils 
of  gray  matter,  with  which  are  connected  the  roots  of  origin  of 
all  the  crauial  nerves^  with  the  exception  of  the  optic  and  olfac- 
tory. On  each  side  of  the  median  li.wure  is  a  longitudinal  emi- 
nence, i\\ef(i9rictUits  tereies.  Ou  the  lower  part  of  the  floor  are 
a  number  of  transverse  lines,  the  lineoi  tran^versoi;  these  are 
fibres  of  the  auditory  nerves,  which  emerge  from  the  median 
fissure  (Fig.  2li\). 

The  pons  Varolii  or  mesocephalon  (Figs.  227,  229)  is  composed 
of  gray  and  white  matter,  and  serves  as  a  medium  of  communi- 
cation between  the  medulla  oblongata  and  the  cerebrum  and 
cerebellum;  also,  connecting  the  two  hemispheres  of  the  cere- 
bellum by  transverse  comniissural  bandn.  Its  posterior  surface 
forms  the  upper  part  of  the  floor  of  the  fourth  ventricle;  the 
anterior  surface  rests  upon  the  basilar  groove  of  the  occipital 
bono.  Recent  writers  speak  of  the  pons  Varolii  ns  being  con- 
stituted only  of  the  transverse  fibres  connecting  the  hemispheres 
of  the  cerebellum,  and  of  what  is  commonly  known  as  the  pons 
Varolii,  as  the  tuber  annulare. 

The  crura  cerebri  'Fig.  230)  are  two  bands  of  white  fibrous 
matter,  which  extend  from  the  p^^^ns  Varolii  to  the  under  surface 
of  each  cerebral  hemisphere,  where  they  run  to  the  corpt»ra 
striata  and  optic  thalami,  or  directly  to  the  cerebral  cortex.  lu 
the  interior  of  each  baud  is  a  gray  body,  called  the  locus  ni'ger^ 
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which  separatefi  the  fibres  of  each  crus  into  two  layers ;  the  super- 
ficial or  anterior  layer  ia  called  the  enusta,  and  ifl  composed  of 
fibres  coming  from  the  anterior  columns,  and  anterior  portion  of 


nuRiK'noM  nv  BiuiN,  nwH  Aiu)v>.  KKronKd  mi  Thikd,  Foniin,  Ain»  VtrrK  Vamieui^ 

WITH  TIIK  SmnorKMNi)  PAVTV.  }^i 
<i,  Kiitrrlor  {mrt,  or  fftenaot  corpu*  rAlli>yiun;  b,  rvryna  iCrtiilam;  V,  Ui«  curi»M  i(rt«tutH 
or  leH  •Mn,  <IhM?i-Usl  «i  m  ui  i'XIkmh;  Ibi  gny  iiali«Uncii ;  «,  pulots  b>  a  llnti  Ui  Ui«  twnU  a^l- 
olrvuliuU;  tt,  ut>li«'  lli»liiiiHU,  r,  utitrHor  )>lllar  of  foruU  dlTi4«d-4w]u«i-  tliv>  an*  tHUi  d»- 
MoiiilliiK  ill  fniiit  ■>r  lh>>  lliliil  wulrirlft,  am]  h«t«rvii  fhfin  la  •rwn  pirt  »f  Uio  »ut«rkir  fwa** 
uitfriirr,  \n  frxjtn  ot  tilt-  Ii-Kcr  r  i*  A'f-ti  ihr  allt-llk*-  itflh  vcniriclr't  It^wmiq  iho  laKllMr  of  Ibv 
M.'IJluiii  Iiirliluiii;/,  lurt  or  mliltllvMiiiinliwuir;  yii  i>lft'*"l  tii  the  ixwurixr  (mH  <W Ul* Uill4  *««• 
Irklii,  iiimit^mteljr  ImhiiKl  Iho  liitlcr  iti«  Ibv  piMleriui  omiiiilMim'  (Jtiel  tE«Jbl«)  ami  Um  irfnaal 
i;tAn(l,  thf  tM-u  crura  uf  wltfrh  c^Ktriid  forward*  altmit  Uir  IntitT  kimI  ut>|>cr  imwrgUMof  Iha 
0pU<'  tlialttmi :  A  nut)  i,  I)k>  (virjMira  iitiiulrlgvijiliia  .  K,  «n|i*>nor  rmi  uf  c«>ir1«'-11um ;  cluw  lo  I 
b  Ibfl  riilru  uf  Vll•U!fteu^  wlih  li  Iima  l>r<m  Jivldod  lu  af  tu  oxpum  ihv  fuurtU  vuulrvJa ;  ^  lil|^ 
poranipuii  luiU'ir  uml  i'(>ri*ii'  fluilitlAiuiii,  ur  Ik'iiIh  lil|>[M'<itDi|>t .  m,  hl|>)iiMsiiipi)ii  mLnnr :  n,  tHl- 
briitlH  (-vllalftnilU ;  n,  fmirlli  vr.>utrk'k:  p,  (■■Mt^'iiiir  vntfut**  t*f  iiji^litlla  i>l4«ngifti«;  r,  iTlitjii 
of  ovrcbtiUuu) :  «,  aitiKT  |N4r1  ut  U-tl  lu^uiiopliotti  uf  (.cntwllum  vkiiMcd  Vy  Uw  rpmwiml  of 
|iul  uf  itiu  ikMitMrior  <M*n>tjnl  lolie.    After  UiaMcnrmut  and  Lbvullb. 

the  lat'eral  columns,  and  of  BbrcH  from  the  posterior  coluoiDS 
irhich  decussated  at  the  anterior  pyramids ;  the  deep  or  posterior 
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layer  is  called  the  tegmentum,  and  is  composed  of  fibres  from  the 
lateral  tracts,  posterior  columns  and  olivary  fasciculi,  and  from 
the  cerebellum.  The  fibres  of  the  crura  iu  Iheir  course  to  the 
cortex  of  the  cerebrum  run  through  or  beside  four  large  ganglia, 
the  corpora  striata  and  optic  thalanii  (Fiu.  230).  These  are 
called  the  **  basal  ganglia/'  They,  are  embedded  in  the  cerebral 
substance,  and  are  composed  of  both  white  and  gray  matter. 
The  corpora  driaia  lie  anterior  and  external  to  the  optic  thalami ; 
their  external  surface  is  gray,  and  they  present  io  a  transverse 
section  a  striated  uppearunce,  being  composed  of  alternating 
layers  of  gray  and  white  substance.  Each  ganglia  is  c^imposeil 
essentially  of  two  nuclei ;  the  largest  is  the  ieiificufar  or  exlra- 
veutricular  nucleus;  the  sniailer  is  the  caudaie  or  iiitraventricn- 
lar  nucleus  (Fig.  2-33  i.  Running  upwards  between  the  lenticular 
nucleus  and  the  optic  thaianius  behind,  and  the  lenticular 
nucleus  and  caudate  nucleus  in  front,  is  a  baud  of  white  matter 
which  is  called  the  iniernnl  cap^m/e.  External  to  the  lenticular 
nucleus  is  a  second  band  called  the  external  capsule.  The  optic 
thciami  are  two  oblong  bodies  sitiiiited  posterior  and  internal  to 
the  corpora  striata;  each  resting  upon  and  embracing  the  corre- 
sponding crus  cerebri.  Externallv  they  are  composed  of  white 
matter,  and  internally  of  both  white  and  gray  matter. 

The  anterior  fibres  or  (ruata  of  the  cms  cerebri  run  to  the 
corpus  striatum  of  its  own  side  ;  the  posterior  fibres  or  tegmenium 
run  to  the  optic  thalamus.  Of  these  fibres  some  probably  termi- 
nate in  the  ganglia,  while  others  are  continued  on  to  different 
parts  of  the  cerebral  cortex,  either  through  the  basal  ganglia  or 
the  capHutes  above  referred  to. 

The  corpora  oHddrigemina  or  optic  lobes  (Figs.  228,  230)  are 
situated  below  tne  posterior  border  of  the  corpus  callosum  and 
above  the  aqueiluct  of  Sylvius.  These  bodies  are  four  iu  num- 
ber, and  are  [daceil  in  pairs;  the  anterior  pair,  which  is  the 
largest,  is  called  the  notes;  the  posterior  pair  t^  called  the  testa. 
They  both  coneiBt  of  gray  and  white  matter,  and  are  connected 
on  each  side  with  the  optic  thalami  and  oi)tic  tracts  by  bands  of 
nervous  matter  called  brachia.  Those  connecting  the  nates  with 
the  thalamus  are  called  the  anterior  brachia;  ihosc  connecting 
the  testes,  the  posterior  brachia.  The  corpora  quadrigemina  re- 
ceive fibres  from  the  cerebellum  through  the  processus  ad  testes, 
from  the  olivary  fasciculi  and  the  optic  tracts  and  thin!  nerves. 

The  corpora  gemculala  uie  two  small  bodies  situated  on  each 
side,  external  to  the  corpora  tpiudrigemina,  and  l>eneath  and 
posterior  to  the  optic  thalamus.  They  are  called  from  their 
situations  the  internal  and  external.  The  internal  and  testes, 
and  the  external  and  nates,  are  jointly  connected  with  the  optic 
tracts. 
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The  terth^um  (Fig.  231)  or  lesser  braiu  reete  in  the  inferior 
occipital  fossa*.  It  consists  of  two  lateral  hemispheres,  which 
are  joinod  to^eihor  by  a  central  lobe,  the  vermiform  prooeasea. 
The  hemisphertc  are  also  ccmnected  with  each  other  by  the  Irana^ 
verse  roiiiniihidural  band  of  the  pons  Varolii.  Tliib  baud  is 
calleti  the  middle  pcditnde.  The  cerebellum  is  cttnnected  to  the 
cerebrum  by  tlie  processus  c  cerebello  ad  testes,  which  are  called 
the  sttperior  pedundes  (Fig,  2S1),  And  below  with  the  medulla 


Pio.  231. 


I 


Vu«r  w  OsauxLLm  im  Sicmu!«  tvii  ii»  Vor«Tii  Vt?fTait!L>,  with  tnr  Nu^iiMkAiifu 
Pabts.     Kr»<tii  ?AiT»T 

I,  uimIIao  (cnxiV"  of  fuurtb  H'litriclr,  ciKlliitc  l*>lnw  In  Itio  oifcrniM  Mi'^^mmt.  With  tb» 
li«f)li|illiml  i>nilnrnm>  rnnur«l  l>;  Uif  f»t»eiciU  l^rrfn,  oue  uti  mmch  »i4» ;  t,  tbw  ^mm  KtooT*. 
at  thft  iiUtfi  whtrr  ihc  wlikl<*  8trt«fcfl  i>(  tUr-  an-lltorv  htTVe  ^iMfpr  fhUB  It  to  enm  lb*  floor  ct 
tUa  vi>Dtricl«;  ^t,  ItiftirKir  iM-«laii'--lif  i'f  iIm'  v><p>ia!lliiii(,  funit««l  hy  Uit>  iMMUmu  tarty ;  4,  ft^ 
tetU*r  |)>nuii(<l.  vUivn  tliln  U  tli«i  udaiuus  «!rl|iluilus  .  A,  wtinriur  pvltiiit-ta  nf  f«i>|<i|faii^  m 
|>nMWMua  t>  rcrulN'llo  ml  UrfltrB .  <1  0,  ail«l  ti>,thA  n<lt>  of  |hv  cnim  (M>t»t1 :  7  T.  Uitanl  fMWM 
of  Uie  rrura  onvbil ;  K,  niqiiini  qiMdrlBviiitiiM      Aflvr  Hm^iirELn  ukI  1.ctw14A 

oblongata  by  the  inferior  peduncles.    The  cerebeUum   ia  com- 

r'd  nf  both  white  and  ^ray  matter,  and  if  a  vertical  section 
made  through  the  middle  of  one  of  the  heniispherea  in  an 
antern-postcrior  direction,  the  interior  will  he  seen  to  conaiat  of 
white  matter,  in  which  ia  embedtled  a  gray  masscalle<l  theoor/>i» 
detUaium,  The  surface  of  the  white  ceutnil  matter  ia  covered  by 
a  number  of  projecting  lamimc,  each  of  which  haa  a  aecondftry 
or  tertiary  taminie  projecting  from  it  The  laminae  consist  of  ft 
central  white  matter  which  is  covered  with  gray  matter,  and  on 
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accmiDt  of  the  peculiar  foliated  appearance  which  they  presoDt 
in  a  transverse  section  have  been  called  arbor  vttcB. 

The  rerebrum  coneiitutts  the  great  nrnw  of  the  brain  substance. 
It  is  partially  divided  into  two  hi-nnspheres  by  the  longitudinal 
fissure,  which  divides  it  completely  anteriorly  and  pofcteriorly, 
but  only  partially  so  in  the  median  line,  where  the  Hssure  is  in- 
terrupted by  a  broad  transverse  coniiuissural  band  called  the 
MTpti^  callosttm. 

The  surface  lA'  the  hemispheres  is  marked  by  rounded  ridges 
or  convolutions,  which  are  separated  from  each  other  by  fissures 
called  hm/oi.  The  convolutioiii*  are  very  complicated  and  tortu- 
ous in  their  course,  but  they  possess  sufficient  individuality  in 
their  arrangement  to  enable  them  to  be  differentiated  and  named. 
Each  hemisphere  is  divided  into  live  lobes:  ihe  frontal ,  parietal^ 
spfieno  temporal,  occipitid,  and  central  lobe,  or  island  of  Reil.  The 
fissure  of  Hylvius  in  running  from  the  under  surface  of  the  brain 
passes  upwards  and  backwards,  and  ilivides  into  two  branches. 
the  superior  and  longitudinal.   Anterior  to  the  fissure  is  siltialed 
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Ukack  of  Maa. 
I,  lhr>  Infrnur  or  third  fmnUl  rjitivoliitioti  ;  uiiittllo  or  M>i*nDtl  fntiit^il  ;  It,  xuifcriiir  or  tint 
Ovntal ;  -1,  Anterior  r.-ntrul :  i;  joictviiur  ccntnl .  A,  eui>rmuiaricii)Al ;  It,  o.  iiip«>rl'jr  iwripUl ; 
T  h,  UDgnlAT  c^HiTululliia  :  T,  Ktiixirinr  ur  lint  ii[>h(>tiii-lpnip(>ntl ;  H,  utiiMIe  ur  mtcudi)  «pli«-iu» 
tMoponU  :  9,  {nfi*rit)r  or  thini  «[>hono-ti>in|x)ral  ;  It,  ]],  13,  orrliiltal  ronrnlaUuiw;  R,  iiwnn 
Of  ItoUnilo ;  K,  ftMnrv  of  SjrlrliM 

the ^on^a/ lobe;  the  parietai  lobe  is  separated  from  the  frontal 
lobe  by  the  fissure  of  Rolando,  and  from  the  9pheno-teviporal, 
which  is  below  it,  by  the  longitudinal  branch  of  the  fissure  of 
Sylvius ;  behind  h<tth  of  these  is  the  occipital  lobe.  The  ««n<Ta(. 
lobe,  or  island  of  Ileil,  lies  within  the  fissure  tj^  "tii^Wwia.    "¥a^«!vw 
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of  these  lohea  coDBiHts  of  a  number  of  recognized  oonvolatioiM. 
The  first  convolution  is  called  the  superior  or  lirat  frontAl  {  Fig. 
232,  3),  and  Vies  along  the  margin  of  the  great  lungitudinii] 
fissure;  the  inferior  or  third  fruutal  convolution  (I)  is  situated 
just  above  the  fissure  of  Svlvius,  and  curves  around  the  superior 
branch  of  the  fiasure;  the  middle  or  second  frontal  (2)  is  situ* 
ate<i  between  these  two,  from  which  it  is  separated  by  the  superior 
and  inferior  frontal  fissures.  The  anterior  central  (4)  is  separ- 
ated from  the  iK>sterior  central  {o)  by  the  fissure  of  Rolando;  it 
coinniuuicates  with  the  first  and  third  frontal  convolutions.  The 
posterior  central  (5)  is  continuous  above  with  the  upper  parietal 
(B)  convolution.  The  eupramarginal  convolution  {A)  lies  below 
the  upper  parietal  and  back  of  the  posterior  central.  It  curves 
around  the  extremity  of  the  longitudinal  branch  of  the  fissure 
of  Sylvius,  and  then  ninuing  downwards  and  forwards  forms  the 
superior  or  first  spheno-temporal  (7 1.  This  convolution  then 
curves  backwards  and  forms  the  middle  or  second  spheuo-tem- 
poral  (S)^  then  continuing  upwards  forms  an  angular  curvature, 
and  is  called  the  angular  or  posterior  parietal  convolution  {^,b). 
Below  the  middle  spheno-temporal  is  the  inferior  or  third  spheno- 
temporal  (9) ;  this  forms  the  lower  border  of  the  spheno-temporal 
lobe.  The  occipital  convolutions  (10,  11,  12)  are  nut  well  ex- 
hibited in  a  lateral  view.  A  very  important  convolution,  the 
gyrus  fomicatuj'^  curves  around  the  upper  part  of  the  corpus  cal- 
losum.  This  convolution  commences  in  front  of  the  anterior 
perfornte<i  space,  curves  around  over  the  corpus  callosum,  and 
then  winding  around  downwards  and  forwards  embracing  the 
cruB,  pa&^es  forwards  as  the  gyrxi»  uncmo/uv*,  and  at  its  anterior 
aspect  becomes  sharply  curved  to  form  the  eubiculum  comu 
Ammonia. 

The  cerebrum  is  composed  of  both  white  and  gray  matter. 
The  latter  is  found  for  the  most  part  as  constituting  the  cortex 
of  the  organ,  where  it  covers  the  couvolutions  and  dips  dowD  in 
the  sulci.  It  is  about  two  or  three  mm.  in  thicknesa,  and  conststa 
of  a  number  of  superposed  lamina  of  nerve-cells  and  very  fine 
nerve-fibres,  which  are  embedded  in  a  matrix  called  the  neuroglia. 
These  cells  are  of  rounded  and  irregular  forms,  and  in  the  middle 
layers  are  of  a  pyramidal  shape,  with  thf-ir  bases  generally  look- 
ing towards  the  centre  of  the  organ.  The  nerve-fibres  are  ex- 
tremely fine,  and,  according  to  Koliiker,  measure  from  about  one 
to  two  mmm.  in  diameter.  The  prolongations  of  the  cells  are 
probably  continuous  with  the  axis-cytiuderB  of  tJie  medullated 
nerve-fibres,  which  run  to  the  central  parts  of  the  brain;  or 
with  prolongations  of  other  cells,  thus  forming  intercommunica- 
tions. 

In  the  interior  of  the  cerebrum  are  several  parts  which 
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worthy  of  mention.  The  third  ventricle  ia  an  open  space 
nile<l  with  Huid,  wliicb  is  boiiuHed  hiteraily  by  the  optic  thalanii ; 
above  by  the  velum  iuterpoaitum,  wliich  is  a  reflection  inwards 
and  forwards  of  the  pia  mater  through  a  transverse  Assure  below 
the  posterior  border  of  the  corpus  cullosum.  The  floor  is  furnied 
by  nervous  matter  which  closes  the  interpeduncular  space  ;  pos- 
teriorly It  is  bounded  by  the  (msterior  commissure.  Below  the 
commissure  is  an  opening,  which  is.  the  canal  leading  to  the 
fourth  ventricle,  culled  the  aqueduct  of  Sylvius.  Exteudiuj^  across 
the  veulricle  are  three  eomraisaurea:  the  anterior,  roi^ldle,  and 
posterior.  The  anterior  piisses  through  the  corpora  ijtriata  to  each 
of  the  hemispheres.  The  mifhilc  (gray  comniissure)  and  posterior 
extend  between  the  optic  thulami.     (Fig.  230.) 

The  lateral  ventricle  is  b'mnded  above  by  the  corpus  calloeum ; 
internally  by  the  septum  lucidura,  which  separates  it  from  ita 
fellow  on  the  opposite  side  ;  beiow,  principally  by  the  corpus 
striatum,  optic  thalamus,  atid  a  hand  <»f  white  nervous  matter, 
the  fornix,  which  is  coutinuous  posteriorly  with  the  corpus  cai- 
losura.  Extending  outwards  from  each  lateral  ventricle  are 
horn-shaped  cavities  or  cornua.  The  anterior  exten<ls  outwards, 
curving  round  the  corpus  striatum  atid  running  into  the  frontal 
lobe.  The  nii<ldle  extends  into  the  spheno-temporal  lobe,  pass- 
ing behind  the  optic  thalanuis,  then  curving  around  the  crus 
cerebri,  and  running  dee[)  into  the  lobe.  In  the  floor  of  this 
coruu  are  three  parts,  which  are  here  worthy  of  notice ;  the  hip- 
pocampus miijor,  pes  hippocampi,  and  [>es  accetisorius.  (Fig. 
230.)  The  hlppommf/wi  major  is  an  elongate<l  rounded  while 
eminence,  which  courses  the  flixir  of  the  ventricle,  emliug  in  an 
irregular  enlargiMl  extremity,  the  pes  hippocampi.  This  body  is 
continuous  with  the  gyrus  fornicatus,  and  is  curved  upon  itself, 
so  that  the  white  mutter  is  external.  The  pes  accc^^orius,  or 
eminentia  collateralis  (Fig.  230),  is  a  white  eminence  situated 
between  the  hippc>cam]>U8  major  and  the  hippocampus  minor  of 
the  posterior  corou.  The  posterior  cornu  extends  downwards 
and  backwards  into  the  occipital  lobe.  On  its  floor  is  an  emi- 
nence called  the  hipp(M'ftiiipufl  minor.  Many  other  parts  of 
interest  are  referred  to,  and  shown  in  the  accompanying  cuts. 

The  distribution  of  the  fibres  in  the  bruin  is  one  of  great  phy- 
siological interest.  According  to  Meyuert,'  the  cells  of  the  same 
convolution  are  connected  through  their  polar  pruIongatiouB 
with  each  other;  by  arcuate  fibres  with  the  cells  r>f  different 
convolutions  i.Fig.  233,  CCH);  and  with  the  convolutions  of  the 
opposite  side  by  iibres  passing  the  most  part  through  the  corpus 
caUoBom.     To  the  corpus  striatum  fibres  of  the  corona  radiata 

t  Cnrpenter'a  Pb^tlology,  1876,  p.  S96  at  teq. 
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iCR)  ruu  from  the  whole  area  of  the  cortex  to  the  lenticalar 
botiv  ;  others,  the  striae  cornea  iS  C),  run  from  the  temporal  lobe 
to  the  anterior  part  of  the  corpus  striatum ;  others  run  to  the 
olfaclory  bulb  i  0}.  To  the  optic  thalamus,  fibres  proceed  from 
the  frontal  lobe,  paasing  between    the  lenticular  and  caudate 
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ecu,  oortuxof  th«  cerdirm)  liOflilf|>herm,  tlw  omTnluUtmN  -if  wblch  wv  mmii  to  h«  cud- 
noti«il  hjr  acmrBta  contHirting  fllim;  C%,  i4«itAX  uf  r«>r»t«*ilaBi :  r*ft,  mmiw  nwlialH* 
Ing  *M  fihre*  t'vtoDdlae  fntin  Xhf  i>vt<*«  ronibri  lo  i.V  rni'I  t'*V,  tbr<  |f htlcvbu-  umI 
fia>-lri  or  Ui(*  C'>T\i\\»  tcrlftiam,  a  ml  hj  Or,  Utn  it|iCW  IhkUmua,  Thv  iNMtnirtr  ndivmflj  of 
tbc  nittlf  ihiiltkiuiw  I'nwnU  l«<i  r-lilari;i>incnts  (ho  roqnii  j^cnlnilntiiin  '^flrnililn  «D<t  tn- 
tf-rtiuiii,  «rMi  li  l!"  ••■•-•K  t>»  I*  oitil>iH!<-^l  with  l)t4>  -•jplir  Inuls.  TIk-  littt-r-  f»p  fV.  u>  [iUm*! 
.tfi  ft  lnn*l  "f  fl'»n^  th»t  »"•  t*-)!*^**!  I"  rnti  <Iin><-tly  ftmn  Oi--  «-»»r|f«  rwnkrf  In  Um  i««to«. 
^•»n>t»>IU  ;  tii\  •trim  n»rnr«,  of  Ui'Oltt  •ninktrt-uUrit ;  BS,  rwl  mulnw  lA  li>9i«*>nnuB  ;  J^  MMsj 
r,  tMlU;  A  Hntwl  stunil  ;  ^  Abn»  laurioff  .tirrrlly  Ihln  rK*"  l#«m*nhiia  trvm  tkv  vorku 
MirbH  ;  /^i  C  tiM  Utifl  'tf  ai*rw  Ui  (b«  nglii  of  \hrm  IHkv*  atv  |«it  o<  Ui«  rai^tor  »ttla(»> 
oI#  of  (li«c«'rel»»'Iliiifi 

uuc/ei  (ay^  and  from  the  temporal  lol>«8.  walls  of  the  fissuiv  of 
Sjiv/ufl,  tlbe  gyrna  fornicatua.  and  optic.  Iract5,     A  spot  iai  ban<l 
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18  Bupp^^®^^  ^  '■"n  tVom  the  cortex  to  the  corehellum. 
of  n>*^y.  ^^^^^  spedal  fibres  has  been  referred  to  in 
X  will  \y^  referred  to  hereafter.] 
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Sec.  1. — On  thk  Phenomena  Exhibited  by  an  Animal 

DkI'IUVEU    ok    ri'S   CeUEBUAL    llEMlarilEUEH. 

A  frog  from  which  the  cerebral  lohea  have  been  removed,  even 
though  all  the  rest  of  the  braiD  haH  been  left  iotact,  seems  to 
poeseas  no  volition.  The  apparently  spuntanefms  movcmeuta 
which  it  executes  are  so  few  and  seldom  that  it  is  much  more 
rational  to  attribute  those  which  do  occur  to  the  action  of  some 
stimulus  which  has  escaped  observation,  tlian  to  suppikse  that 
they  are  the  products  of  a  will  acting  only  at  long  iulervalrf  and 
in  a  feeble  manner. 

By  the  application  however  of  appropriate  stimuli,  such  an 
animal  ran  be  induced  to  perform  nil  the  movements  which  an 
entire  frog  is  capable  of  executing.  It  can  be  made  to  swim,  to 
leap,  and  to  crawl.  When  placed  on  its  back,  it  immc^liately 
regains  its  natural  position.  When  placed  on  a  board,  it  does 
not  fall  from  thebuard  when  the  latter  is  tilted  up  bo  as  to  displace 
the  animal's  centre  of  gravity :  it  crawls  up  the  board  until  it 
gains  a  new  position  in  which  its  centre  of  gravity  is  restored  to 
its  proper  place.  Its  movements  arc  exactly  lliose  of  an  entire 
frog  except  that  they  need  au  external  stimulus  to  call  them 
forth.  They  inevitably  follow  when  the  stimulus  it  applied; 
they  come  to  an  end  when  the  stimulus  ceases  in  act.  By  con- 
tinually varying  the  inclination  of  a  board  on  which  it  is  placed, 
the  frog  may  be  maile  to  continue  crawling  almost  indefinitely  ; 
but  directly  the  Ixmrd  is  made  to  assume  such  a  position  that 
the  body  of  the  frog  is  in  equilibrium,  the  crawling  ceases;  and 
if  the  position  be  not  ilisturbed  the  animal  will  remain  impassive 
and  quiet  for  an  almost  indefinite  time.  When  thrown  into 
water,  the  creature  l>cgin.'t  at  once  to  swim  about  in  the  most 
regular  manner,  and  will  continue  to  swim  till  it  is  exhausted, 
if  there  be  nothing  present  on  which  it  can  come  to  rest.  If  a 
small  piece  of  wood  be  ])laced  on  the  water  the  frog  will  when  it 
comes  in  contact  with  the  woi>d  crawl  upon  it,  and  so  come  to 
reet.  Such  a  frog,  if  its  Hunks  be  gently  stroked,  will  croak; 
and  the  croaks  fallow  so  regularly  and  surely  upon  the  strokes 
that  the  animal  may  almost  be  played  upon  like  a  musical  in- 
strument. Moreover,  the  movements  of  the  animal  appear  to  be 
influenced  by  light ;  if  it  be  urged  to  move  in  any  particular 
direction,  it  seems  to  avoid  in  its  progress  objects  casting  a  strong 
shadow.  In  fact,  even  to  a  careful  observer  the  difference  be- 
tween such  a  frog  and  an  entire  frog  which  was  simply  very 
stupid  or  very  obstinate,  would  appear  slight  and  unimportant 
except  in  one  point,  viz.,  that  the  animal  without  Um  cerebral 
hemispheres  was  obedient  to  every  stimulus,  and  that  each 
stimalus  evoke<l   an   appropriate  movement,  whereai&  mVVv  >X\% 
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entire  animat  it  would  be  impossible  to  predict  whether  aoy 
result  at  all.  and  if  »>  what  result  would  follow  the  application 
of  this  ur  that  stimulus.  Both  are  machined;  but  the  one  is  a 
machine  and  nothing  more,  the  other  is  a  macbioe  governed  and 
checked  by  a  dominant  volition. 

Kow  £uch  movements  as  crawling,  leaping,  swimming,  and 
indeed,  to  a  greater  or  less  extent,  all  bodily  movements,  are 
carried  out  by  means  of  coordinate  nervous  motor  impulses,  tn- 
flueuced, arranged,  and  governed  by  coincident  sensory  or  afferent 
impulses.  We  have  already  seen  that  muscular  movements  are 
determine*]  by  the  muscular  sense;  they  are  also  directed  by 
means  of  sensory  impulses  passing  oentripetally  along  the  sen- 
sory nerves  of  the  skiu,  the  eye,  the  ear,  and  other  organs. 
Independently  of  the  atferent  impulses,  whichBctiugasa  stimulus 
call  forth  the  movement,  all  manner  of  other  afferent  impulses  are 
concerned  in  the  generation  and  coordioation  of  the  resultant 
motor  impulses.  Every  bodily  movement  such  as  those  of  which 
we  are  speaking  is  the  work  of  a  more  or  less  complicated  nervous 
mechanism,  in  which  there  are  not  only  central  and  efferent,  but 
also  afferent  factors.  And.  putting  aside  the  question  of  con- 
sciousness, with  which  we  have  here  no  occasion  to  deal,  it  is 
evident  that  in  the  frog  deprive*]  of  its  cerebral  hemispheres  all 
these  factors  are  present,  the  aflPerent  no  less  than  the  central  and 
the  efferent.  The  machinery  for  all  the  necessary  and  usual 
bodily  movements  is  present  in  all  its  completeness.  The  share 
therefore  which  the  cerebral  hemispheres  take  in  executing  the 
movements  of  which  the  entire  animal  is  capable,  is  simply  that 
of  putting  thismtjchhiery  info  action.  The  relation  which  the  higher 
nervous  changes  concerned  in  volition  bear  to  this  machinerv  is 
not  unlike  that  of  a  stimulus.  We  might  almost  s[>eak  of  the 
will  as  an  intrinsic  stimulus.  Its  o]>erations  are  limited  by  the 
machinery  at  its  command.  The  cerebral  hemispheres  in  their 
action  can  only  give  shape  to  a  bodily  movement  by  throwing 
into  activity  particular  parts  of  the  nervous  machinery  situated 
in  the  lower  encephalic  structures  ;  and  precisely  the  same  move- 
ment may  be  initiated  in  their  absence,  by  applying  such  stimuli 
as  shall  throw  precisely  the  same  parts  of  that  machinery  inlo 
the  same  activity. 

Very  marked  is  the  contrast  between  the  fn*g  which,  though 
deprived  of  its  cerebral  hemispheres,  still  retains  the  optic  lobes, 
oerebullum,  and  medulla  oblongta,  and  one  which  poaseaaeB  • 
spinal  cord  only.  The  latter  when  placed  uu  its  back  nwkee  no 
attempt  to  regain  its  normal  position  :  in  fact,  it  may  be  said  to 
have  completely  lost  its  normal  position,  for  even  when  placed 
on  its  feet  it  does  not  stand  with  its  forefeet  erect,  as  dues  the 
other  animal,  but  lies  6at  on  the  ground.     When  thrown  into 
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water,  instead  of  ewirumiog  it  siukH  like  a  lump  of  lead.  When 
pinched,  or  othenvise  Btimulated,  it  Hoea  not  crawl  or  leap  for- 
wards;  it  simply  throws  out  its  liculjs  iu  various  ways.  When 
its  flanks  are  stroked  it  does  not  croak  ;  and  when  a  board  on 
which  it  is  placed  is  inclined  sufficiently  to  displace  its  centre  of 
eravity  it  makes  no  eflbrt  to  regain  its  balance,  but  fulls  off  the 
board  like  a  lifeless  mass.  Though,  as  we  have  seen,  there  is  in 
all  parts  of  the  spinal  cord  of  the  frog  a  large  amount  of  coordi- 
nating machinery,  it  is  evident  that  a  great  deal  of  the  more 
complex  machinery  of  this  kind,  especially  all  that  which  has  to 
deal  with  the  body  as  a  whole,  and  all  that  which  is  concerned 
with  equilibrium  and  is  specially  governed  by  the  higher  senses, 
is  seated  not  in  the  spinal  cord  but  in  the  brain,  iucltidiug  the 
medulla  oblongata;  and  apparently  a  great  deal  of  this  more 
complex  machinery  is  concenirnted  in  the  optic  lobes.  The 
p(unt  however  t<t  which  we  wish  now  U}  call  special  attention  is 
that  the  nervous  machinery  required  for  the  execution,  as  dis- 
tinguished from  the  origination,  of  bodily  movements  even  of  the 
moat  complicated  kind,  is  present  after  complete  removal  of  the 
cerebral  hemispheres,  though  these  movements  are  such  as  to 
require  the  cooperation  of  highly  differentiated  afferent  impulses. 

Our  knowledge  of  the  phenomena  presented  by  the  bird  or 
mammal  from  which  the  cerebral  hemispheres  have  been  re- 
moved is  not  sf>  exact  as  in  the  case  of  the  frog.  Under  such 
circumstanceH  movements  apparently  spontaneous  in  character 
are  more  common  with  the  bird  or  ninrnnial  than  with  the  frog. 
This  might  be  expected,  seeing  that  the  more  cnmplicated  brain 
of  the  former  affords,  even  in  the  absence  of  the  cerebral  hemi- 
spheres, much  more  opportunity  for  the  origination  of  stimuli 
within  the  nervous  system  itself,  and  for  the  play  of  stimuli 
however  originating,  than  does  that  of  the  latter.  It  would  be 
hazardous  to  regard  such  apparently  spontaneous  movements  as 
indications  of  volition,  and  indee<l  it  seems  '/  priori  improbable 
that  the  will  should  be  con6ned  to  the  cerebral  hemispheres  in 
the  frog,  and  yet  so  to  speak  diffused  among  other  parts  of  the 
brain  in  the  more  highly  differentiated  bird  or  niamnial.  On  the 
other  hand,  when  the  cerebral  hemispheres  are  bodily  removed 
by  the  knife,  the  portions  of  the  brain  left  behind  are  so  pro- 
foundly affected  by  the  "shock  "  of  the  o{)eration,  are  for  a  while 
ny  obviously  in  an  abnormal  condition,  that  no  just  deductions 
can  then  be  made  as  to  what  are  their  normal  functions.  And 
the  animals  generally  die  before  they  have  entirely  recovered 
from  these  immediate  effects  of  the  operation. 

In  the  case  of  the  bird,  it  has  been  found  p<)ssible  to  keep  the 
creature  alive  for  months,  after  apparently  complete  removal  of 
the  hemispheres,  and  the  following  phenomena  have  theu  V^^i^xi 
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And  be^TMT  sre  tfiftiicly 
«4iUip«d.  Left  ~ 
Ma  MtioskM  &«•  ft  k^  il  M7  be 
«ima  it  ■lOTH.rinftc  in 
retonH  lorn  wtaral,  eavf 
in  bftck  it  will  rc^^  ila  feet;  tkrara 
ciHHidcrmbl«  precinoo  ler  K 
It  fre^MDtl/  tftdt*  in  head 
iBoi  to  dcaa  in  ftatWn  anl  to  picfc  ap 
prcMtod  to  its  bcftk.  It  tamw  be  adftoed  to 
ofdmary  itiMG  epolkd  to  the  ekiB,  bat  abo  hj 
iOiiiKli,oriMbei<)!r  ligbt;  esd  it  ie  erident  tbei  ito 
are  to  a  oertaia  eztest  guided  bj  vieoal  aBaaatiefli^  lor  ia  ifti 
flight  it  will,  tboogh  inperlectiy,  avoid  obrtaclet.  Save  tbat  all 
clear  Mgof  of  dietiAct  volitioo  are  abeeat.  tbat  all  eatiifiKtofT  ia- 
dicatioDA  nf  iotelligcaee  are  wentiog,  aad  that  tbe  Bovemettte  are 
oo  tbe  whole  cluaiey,  reeeinbliiig  mbcr  tbow  of  a  etspid  droway 
bird  than  thoee  of  one  oidie  wide  awake,  tbcre  ie  Tery  liolo  to 
diitioguifth  sach  a  bird  mm  one  in  fbll  ywnwimi  of  its  cerebral 
boaiepberee. 

Id  a  mammaJ,  daring  the  few  hoare  wfaicb  iatcrrene  bctweca 
the  fiifUka  removal  of  tbe  whole  of  both  liewii|J>ct'ce  aad  deatb, 
very  much  the  same  pheoomeoa  maj  be  ofaaerrcd.     Tbe  rabbit, 
or  ral.  operate<i  on  can  stand,  run,  or  leap;  plaeed  oa  its  side  or 
back  it  at  once  regains  ite  feet     Left  alooe,  it  reaiaine  as  motsoa* 
leai  and  impaaNve  as  a  Matae.save  now  and  thea  when  a  pasring 
tmpubM!  seemt  to  stir  it  to  a  eu<Heo  but  brief  raovetaenC    8ocd 
a  rabbit  will  remain  for  minutofl  t(>g«^ther  aUeriy  beodloB  of  a 
carrot  <jr  cabb«K«^leaf  plac*d  ju*'l  before  iu  aose,  thongb  if  a 
morvel  be  placed  in  itii  inuuih  it  at  once  begins  to  gnaw  and  eat. 
When  itirred.  it  will  with  perfect  eae^  *nd  sieadiDeaB  run  or  leap 
forwarrl;  and  obstacles  in  its  cooitw  *re  very  freqoenUr.  with 
rocire  or  lew  Buccese,  avoided.     It  ^*^^  often  follow  bi^  movetueots 
of  the  head  a  bright  light  held  in    front  of  it  (jiroyided  that  the 
optic  nerves  and  tracU  have  not   t>eftn  \njured  dnring  the  opera- 
tion ^  and  Btartii  when   a  ebrill  ax»«^  w^*^  ^w«e  is  made  near  it. 
When  pinche<l  it  cries,  often  with    ^Vwu^  "^a^™^'^^^?  piainiive 
•cream.     Evidently  it«  moverneot^^»i*'^w«.*swi  way  beorig>- 
nated  by  tactile,  visua).  and  audi  .— rWftt^    v^wuon*.      ^^^  ibcwm 
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no  satisfactory  evidence  thai  it  poflBeBses  either  visual  or  other 
perceptio7i»^  or  that  the  sensations  it  experieoces  give  rise  to 
ideas.  Its  avoiilance  of  nhjectH  depeuds  not  so  much  on  the 
form  of  these  as  on  their  interference  with  light.  No  image, 
whether  pleasant  or  terrible^  whether  ol  lood  or  of  an  enemy, 
produces  an  effect  on  it,  other  than  that  of  an  object  reflecting 
more  or  less  light.  And  though  the  plaintive  character  of  the 
cry  which  it  gives  forth  when  pinched  suggests  to  the  observer 
the  existence  of  passion,  it  is  probable  that  this  is  a  wrong  in* 
terprettttion  of  a  vocal  action;  the  cry  appears  plaintive  siiuply 
because,  in  consequence  of  the  completeness  of  the  reflex  nervous 
machinery  and  the  absence  of  the  usual  restraints,  it  is  pro- 
lunged.  The  animal  is  able  to  execute  all  itfl  ordinary  bodily 
movements,  but  in  its  performances  nothing  is  ever  seen  to  in- 
dicate the  retention  of  an  educated  iutclligence.  With  the 
removal  of  that  part  of  the  brain  which  lies  between  the  hemi- 
spheres  and  the  medulla  a  large  number  of  these  coordinate 
movements  disappear.  The  animal  can  no  longer  balance  itself, 
it  lies  helpless  on  its  side,  and  though  various  movements  of  a 
complex  character,  including  cries,  may  be  produced  by  appro- 
pritite  stimuli,  they  are  much  more  limited  than  when  these 
cerebral  structures  are  intact. 

When  in  a  dog,  the  cerebral  convolutions  are  removed  piece- 
meal at  several  operations,  the  auimul  niuy  be  kept  alive  and  in 
good  health  for  a  long  time,  many  months  at  Ita-st,  though  these 
parts  of  the  brain  have  been  reduced  to  very  small  dimensions. 
In  such  a  case  the  indications  of  volition  are  much  more  promi- 
nent and  numerous.  We  do  not  wish  now  to  discuss  whether  the 
residues  of  volition  and  of  intelligence  then  observed  are  to  be 
ascribed  to  the  small  portion  of  the  cerebral  hemispherea  still 
left,  or  whether  they  result  from  the  working  of  other  parts  of 
the  brain.  To  do  this  we  should  have  to  attempt  to  define  with 
greater  exactness  than  we  have  hitherto  done,  the  meaning  of 
the  words  "volition"  and  "  intelligence;"  and  should  probably 
in  the  end  come  to  the  conclusion  that  the  iltscussion  is  a  barren 
one.  The  more  we  study  the  phenomena  exhibited  by  animals 
poeeessing  a  part  only  of  their  brain,  the  closer  we  are  pushed  (o 

In  treitting  of  the  sodim  we  oallotl  attention  to  the  f»ct  Ibnt  vre  must  soppose  in 
the  CA80,  for  ioitAncfl  of  viaion,  the  fiiual  pt>ri|iUcral  urgnn  to  bo  oonoecUd 
w)ih  a.  TifUAl  ceolral  org*D  in  fuch  it  wnj  ib&t  the  Ktaory  impulse*  origiiiAting 
tn  the  former  become  tuodifletl  in  the  hitter  before  thcjr  nflect  ooniKioiixneits. 
1q  the  peripberet  organ  and  ulong  the  nerve  »( (.«□§«,  Llio  nffevtion  of  tliu  uorvuus 
tluue  mftjr  be  epokcn  of  110  a  sontory  inipulec;  bai  aflor  the  uITeotioa  hm  tra- 
Toried  the  central  organ  bdiI  become  moililied  it  Is  no  longer  a  cimple  fennorj 
Impulte.  We  muit  llien  cHber  cull  it  a  icoFation  irroiipectlv-e  of  whether  tiny 
ohango  of  oonioiouHoeda  intorveiieft  or  no,  or  wo  mu«t  give  it  »  new  name.  Not 
Wiabiog  to  introduce  a  now  name,  we  have  ventured  to  use  the  word  "  eenpution  " 
Iq  a  MOM  which  neither  affirm*  oor  denies  the  ooexiatenoe  of  ooawl<i>»\k.vn. 
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the  conclusion  that  no  sharp  line  can  be  drawn  botweeu  votition 
and  the  lack  of  volition,  or  between  tbe  possession  and  absence 
of  intelligence.  Between  the  mu&cle-nerve  preparation  at  the 
one  limit,  and  our  cf>nsciou3  willing  selves  at  the  other,  there  ia 
a  continuous  gradation  without  a  break;  we  cannot  iix  un  any 
linear  barrier  in  the  brain  or  in  the  general  nervous  svslem,  and 
say  **  beyond  thi^  there  is  volition  and  intelligence,  but  up  to  this 
there  is  none." 

This  however  is  not  the  question  with  which  we  are  now  deal- 
ing. What  we  want  to  point  out  i»,  that  iu  the  higher  aDimaJe, 
including  mnnimalti,  as  in  the  frog,  after  the  removal  uf  the 
cerebral  heiuigpherea  (or  rather  of  the  cerebral  convolutions,  for 
interference  with  the  corpora  striata  and  optic  thalami  is  apt  to 
induce  disorders  of  which  we  shall  speak  presently),  even 
though  volition  and  intelligence  appear  to  be  largely,  if  not 
entirely,  h^st,  the  body  is  still  capable  of  executing  all  the  or- 
dinary movements  which  the  animal  in  its  natural  life  is  wont 
to  perform  in  spite  of  these  movements  necessitating  the  coopera- 
tion of  various  aflerent  impulses ;  and  that  therefore  the  nervous 
machinery  for  the  execution  of  these  movements  lies  in  some  part 
of  the  brain  other  than  the  cerebral  hemispheres.  We  have 
reasons  for  thinking  that  it  is  situated  in  the  structures  forming 
the  middle  or  hind  orain. 
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Sec.  2. — The  MECHAVisaiB  of  Coordinatep  Movemknts. 

When  in  a  pigeon  the  horizontal  membranous  circular  canal 
of  the  internal  ear  is  cut  tliruugh,  the  bird  is  observe<l  to  be 
continually  moving  its  head  from  side  to  side.  If  one  of  the 
vertical  canals  be  cut  through,  the  movements  are  up  and  down. 
The  peculiar  movements  may  not  be  witnessed  when  tbe  bird  it 
perfectly  quiet,  but  they  make  their  appearance  whenever  it  is 
disturbed,  or  attempts  in  any  way  to  stir.  When  one  side  only 
of  the  head  is  operated  on,  the  condition  after  a  while  paaeca 
away.  When  the  canals  of  both  sides  have  been  divided,  it 
becomes  much  exaggerated,  lasts  longer,  and  sometimes  re- 
mains permanently.  And  it  is  then  found  that  the^e  peculiar 
movements  of  the  head  arc  asdociate<l  with  what  appears  to  be  a 
complete  want  of  cuordinution  of  all  bfxlily  movements.  If  the 
bird  be  thrown  into  the  air,  it  flutters  and  falls  down  in  a  belp^ 
lees  and  confuse*!  manner ;  it  appears  to  have  totally  lost  the 
power  of  orderly  flight.  If  placed  in  a  balanced  jKieilion,  it  may 
remain  for  some  liuieijuiet,  generally  with  its  head  in  a  |)ecutiar 
po«ture;  but  <lirectly  it  is  disturbed,  the  movements  wliich  it 
attempts  to  execute  are  irregular  and  fall  short  of  their  purpose. 
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It  has  great  difficulty  in  picking  up  food  and  in  drinking;  and 
in  general  its  )>ehavior  very  much  resembles  that  of  a  person 
who  is  exceedingly  dizzy. 

It  can  hear  perfectly  well,  and  therefore  the  eyniplonis  cannot 
be  regarded  as  the  reeult  of  any  abnormal  auditory  eeusntions, 
such  as  "a  roaring'*  in  the  ears.  Besides,  any  such  stimulation 
of  the  auditory  nerve  as  the  result  of  the  section,  would  9{)eedily 
die  away,  whereas  these  phenomena  may  be  permanent. 

The  movements  are  not  occasioned  by  auy  partial  paralysis, 
by  any  want  of  power  in  particular  muscles  or  groups  nf  muscles. 
Nor  on  the  other  hand  are  ihey  due  to  any  uuooutrollable  im- 
pulse; a  very  gentle  pressure  of  the  hand  suffices  to  stop  the 
movements  of  tlie  hean,  and  the  hnnd  in  d<ting  sn  experiences  no 
strain.  The  assistance  of  a  very  elight  support  enables  move- 
ments uthcrwiae  imjiosaiblc  or  most  difficult,  to  be  cBi'ily  executed. 
Thus,  though  when  left  alone  the  bird  has  great  difficulty  in 
driukiag  or  picking  up  corn,  it  will  continue  to  driuk  or  eat  with 
ease  if  its  beak  be  plunged  into  water,  or  into  a  heap  of  barley ; 
the  slight  support  of  the  water  or  of  the  grain  being  sufficient  to 
steady  its  movt^mcnts.  In  the  same  way,  it  can,  even  without 
assistance,  clean  its  feathers  and  scratch  its  head,  its  beak  and 
foot  being  in  these  n{)erations  guided  by  contact  with  its  own 
body. 

In  mammatu  (rabbits)  section  of  the  caniils  produces  a  loss  of 
co(3rdination  siniilar  to  that  witnessed  in  birds;  but  the  move- 
ments of  the  head  are  not  so  marked,  peculiar  oscillating  move- 
ments of  the  eyeballs  (nystagmus,),  differing  in  direction  and 
character  according  to  the  canal  or  canals  operated  upon,  be- 
coming however  very  prominent.  In  the  frog  no  deviations  of 
the  head  are  seen,  but  there  is,  as  in  other  animals,  a  loss  of 
coordiuatiun  in  the  movements  of  the  body. 

Injury  to  the  bony  canals  alone  is  insufficient  to  produce  the 
symptoms;  the  membranous  canals  themselves  must  be  divided 
or  destroyed. 

How  are  we  to  explain  these  remarkable  phenomena?  Let  us 
fi>r  a  while  turn  aside  to  ourselves  and  examine  the  coordination 
of  the  movements  of  our  own  boilies.  When  we  appeal  to  our 
own  consciousness  we  find  that  our  movements  are  governed  and 
guided  by  what  we  may  call  a  sense  of  equilibrium,  by  an  ap- 
preciation of  the  position  of  our  body  and  its  relations  to  space. 
When  this  sense  of  equilibrium  is  disturbed  we  say  we  are  dizzy, 
and  we  then  stagger  and  reel,  being  no  longer  able  to  cixirdiuate 
the  movements  of  our  bodies  or  to  adapt  ihem  to  the  jnoilitm  of 
things  around  us.  What  is  the  origin  of  this  sense  of  equili- 
brium? By  what  means  are  we  able  to  appreciate  the  position 
of  our  body?     There  can  be  no  doubt  that  this  appreciatlc^o. >.% 
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in  large  measure  the  product  of  visual  ami  tactile  sensiLtiuua; 
we  recognize  the  relations  of  our  body  to  the  things  around  us 
in  great  measure  by  eight  and  touch  ;  we  also  learn  much  by 
our  muscular  sense.  But  there  is  something  besides  these. 
Neither  eight  nor  touch  nor  muscular  sense  would  help  us 
when,  placed  perfectly  flat  and  at  rest  on  a  horizontal  ro- 
tating table,  with  the  eyes  shut  and  not  a  muscle  stirring,  we 
attempted  to  deteriniue  whether  the  table  and  we  with  it  were 
moved  or  no,  or  to  ascertain  hnw  much  it  and  we  were  turned 
to  the  right  or  to  the  left.  Yet  under  such  circumstances  we  are 
not  only  conscious  of  a  change  iu  our  position  but  some  observers 
have  been  able  to  pass  a  tolerably  successful  judgment  as  to  the 
angle  through  which  they  have  been  moved.  What  are  the  data 
on  which  such  a  judgment  can  be  formed?  It  is  possible  that 
the  mere  displacement  of  blood  or  of  the  more  fluid  parts  of  the 
ti.^ue^  in  various  regions  of  the  body,  hy  giving  rise  to  affections 
of  general  sensibility,  may  contribute  to  these  data ;  but  the 
peculiar  features  of  the  semicircular  canals  suggest  that  these 
are  special  agents  iu  this  matter.  The  three  canals  are,  aa  we 
know,  placed  in  the  head  iu  planes  nearly  at  right  angles  to  one 
another.  Hence  the  pressure  of  the  endolymfih  on  the  walls  of 
the  canal  (includiug  the  maculse  of  the  ampullae)  in  any  given 
position  of  the  head,  and  variations  of  that  pressure  due  to  move- 
ments of  the  head,  or  the  movements  of  the  endolymph  within 
the  canals  accompanying  movements  of  the  head,  would  be 
different  in  the  three  canals ;  a  sonorous  wave  on  the  other  haod 
would  aflect  all  the  ampulUe  equally.  If  we  suppose  that  the 
pressure  of  the  endolymph  or  variations  in  that  pressure,  or  the 
movements  of  the  endolymph  can  give  rise  to  afferent  impulses 
which,  though  passing  up  to  the  brain  along  the  auditory  nerve, 
arc  not  of  the  nature  of  auditory  impulses,  we  appear  to  have 
ihe  data  for  which  we  are  seeking ;  fur  it  is  quite  pueaible  to 
conceive  that  the  impulses  thus  generated  in  the  ampullse  by 
movements  of  the  head,  should  by  becoming  transformed  into 
sensations  enter  into  the  judgment  which  we  form  of  the  muve- 
monla  which  have  given  rise  to  them. 

But  if  ampullar  sensations,  if  we  may  so  call  them,  thus  enter 
into  our  appreciation  of  the  position  of  our  bo<)y  and  thus  form, 
iu  part,  the  basis  of  our  sense  of  equilibrium,  it  is  obvious  that 
when  these  are  absent  or  deranged,  the  sen.Hc  of  equilibrium  will 
be  affected  and  the  coordination  of  movements  interfered  with. 
And  it  litis  l>eeu  urged  that  the  pheuoniena  attendant  on  injury 
to  the  t<emicirculttr  cannis  are  due  either  to  ihe  absence  nf  normal 
or  to  the  influence  of  nbnomial  amputlur  sensatioDs.  There  arr 
however  tlifliculiieH  in  the  way  ofgivingasatiafactory  ex[danation 
of  these  phenomena.     If,  as  some  ob^rven  state,  both  auditory 
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kierves  may  he  completely  and  permaneutly  severed,  without  any 
•oflect  ou  ihe  cixirdiDalion  of  uiovenients.  it  is  obvious  ihnt  the 
incoodination  which  follows  upt»n  flection  of  the  auditory  cauala 
is  due  to  some  irritation  set  up  by  the  operation  and  not  to  the 
abeencG  of  any  normal  impuUis  [mtwing  up  from  thoBc  organs  to 
the  brain,  to  the  lack  of  what  we  called  just  now  ampullar  sen- 
sations. But  if  the  elfecLs  arc  those  of  irritation,  it  is  difficult  to 
understand  how  they  can,  as  according  to  certain  observers  they 
certainly  do,  become  i>€rnianent.  It  has,  however^been  strongly  J 
urged  that  in  such  cases  of  permanent  incoordination,  the  opera-  ' 
lion  basset  up  secondary  mischief  in  the  brain,  in  the  cerebellum 
for  instance,  and  that  the  permanent  effects  are  really  due  to  the 
disease  going  on  here;  and  we  have  reanon  as  we  shall  see  to 
think  that  the  cerebelluiu  is  concerned  in  the  coordination  of 
movements.  But  the  matter  is  one  un  which  it  does  not  as  yet 
seem  possible  to  make  a  dogmatic  stalcment. 

We  compared  the  condition  of  a  pigeon  afler  injury  to  the 
semicircular  canals  to  that  of  a  person  who  is  dizzy,  and,  indeed, 
one  great  characteristic  of  vertigo  or  dizziness  is  an  inability  on 
the  part  of  the  subject  to  ujaintain  a  due  e(|uilibrium  ;  he  cannot 
coordinate  hiy  movements  properly  or  adapt  them  to  the  circum- 
stances around  litm,  and,  in  consequence,  staggers  and   reels.  J 
Vertigo  may  be  brought  about  in  various  ways.     It  may  be  the  1 
result  simply  of  unui^nal  and  powerful  visual  sensations,  such  as 
those  produced  by  water  falling  rapidly  from  a  great  height,  or 
by  objects  moving  swiftly  across  the  iield  of  vision.     It  may 
arise  from  changes  taking  place  in  the  brain  itself,  and  is  a  com- 
mon symptom  of  many  maladiee  and  of  the  action  of  many  I 
poisons.     As  is  well  known,  a  most  severe  vertigo  may  be  at  once  ' 
produced  by  rapidly  rotating  the  body  ;  and  a  very  curious  form 
may  be  induced  by  passing  an  electric  constant  current  of  ade- 
quate strength  through  the  head  from  ear  to  ear.     All  cases  of 
vertigo,  however  produced,  have  this  common  subjective  feature, 
that  one  or  more  of  the  sets  of  sensations  which  form  the  basis 
of  our  appreciation  of  the  relation  of  our  b*xiy  to  external  things  J 
disagree,  and  are  in  conflict  with,  the  rest  of  the  sensations  which  \ 
go  to  make  up  the  same  appreciation.     Thus,  in  the  vertigo  after 
rapid  rotation  of  the  body,  while  we  seem  to  see  the  whole  world 
whirling  round  us,  this  conclusion  is  contradicted  by  other  sen-  ■ 

tsatious.  Corrc'ftpontiing  to  this  subjective  feature  of  vertigo  is  I 
the  objective  feature  of  the  failure  of  motor  co6rdination  ;  and  I 
there  can  be  no  dt>ubt  that  the  two  are  connected  together  as  I 
cause  and  effect.  The  exact  manner  in  which  the  vertigo  is  1 
developed — i".  c,  the  sequence  and  relation  of  the  various  factors  ' 
of  it — will  naturally  vary  according  to  the  nature  of  the  exciting 
cause,  and  the  course  of  events  appears  to  be  not  (nuV^  ^\SS.^'c^^^^> 
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in  differeDt  forma,  bub  in  many  cases  complex.  When  vertigo 
coiuea  on  from  rapidly  rotating  the  bo<3y  with  the  eyes  opeu,  an 
element  of  diaconl  is  iutroiluced  by  tlie  eyeballs  not  keeping  pace 
with  the  movementa  of  the  head,  but  following  irregularly,  exe- 
cuting the  oscillatory  movements  known  as  nystagmus,  move- 
ments which  continue  after  the  body  has  come  to  re«t,  and  then 
give  rise  to  the  false  sensation  that  external  objects  are  moving 
rapidly.  But  in  this  vertigo  of  rotation  there  are  other  factors 
at  work,  for  the  dizziness  comes  on,  though  less  readily,  when  the 
eyes  are  kept  shut  all  the  lime.  It  tuiii  been  suggi-sted  that  false 
ampullar  sensations  arisci  from  the  rotation  of  the  body  exciting 
the  semicircular  canals;  and  the  form  of  vertigo,  which  is  the 
salient  symptom  of  the  so-called  Meniere's  malady,  has  been  as- 
cribed to  disease  of  the  semicircular  canals.  But  it  must  be 
remembered  that  the  canals  are  fre<iuentlj  dise&^ed  without  any 
vertigo  appearing;  and  if,  as  some  observers  state,  vertigo  by 
rotation  may  be  readily  induced  in  rabbits  after  section  of  both 
auditory  nerves,  it  i»  clear  that  the  semicircular  canals  can  have 
little  share  in  this  form  of  vertigo.  And,  indeed,  even  admitting 
this  as  a  contribution  to  the  total  effect,  it  seems  probable  that 
changes  in  the  brain  due  to  the  displacement  of  the  blood,  or  even 
of  the  brain-subiit&nce  itself,  caused  by  the  too  rapid  rotation, 
are  at  work.  It  is  diflicult  otherwise  to  explain  the  unconscious- 
ness which  may  ensue  if  the  rotation  be  rapid  and  long-continued; 
and  the  vertigo  resulting  from  various  poisons  seems  to  be  dis- 
tinctly of  central  origin. 

Whether  we  accept  the  view  of  ampullar  sensations  just  dis- 
cussed or  not,  and  whatever  be  the  exact  share  which  false 
ampullar  sensations  take  in  the  causation  of  vertigo,  this  at  all 
eveuta  is  clear,  that  atf'eront  impulses  of  various  kinds  so  far  con- 
tribute to  the  building  up  of  the  coordinating  mechanisms  that 
changes  in  thene  impulses  tend  to  throw  the  mechanisms  into  dis- 
order, or  at  least  to  impair  their  proper  working.  It  is  not 
necessary  that  these  afferent  impulses  should  directly  affect  coD- 
Bciousneas  (or,  to  speak  more  correctly,  should  affect  that  complete 
consciousness  which  is  associated  with  volition),  and  so  develop 
into  distinct  perceptions.  We  liave  seen  that  a  bird  from  which 
the  cerebral  hemispheres  have  been  removed  is  perfectly  able  to 
fly ;  and  that,  therelbre,  the  coordinating  nervous  mechanism 
necessary  for  Hight  is  situated  in  the  parts  of  the  brain  Iring 
behind  the  cerebral  hemispheres.  We  have  also  dwelt  on  the 
fact  that  all  the  chief  coonJiuating  mechanisms  of  the  frog  He  in 
the  hiu<l  parts  of  the  brain  ;  yet  in  the  frog,  as  in  the  hini,  »nd, 
we  ma>  atld,  as  in  the  mammal,  injury  to  the  hinder  parts  of  the 
brain  produces  loea  of  coordination,  whether  the  hemispheric  be 
preset*  t  or  not.     Now.  we  have  no  satisfactory  reaikms  for  eii 
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aflserdng  or  denving  that  what  we  call  consciousness — t.  e,,  ft  (iia- 
tinct  consciousnosst  similar  t<>  our  own  consciousness,  exists  in 
animals  (luprivtid  of  their  cerebral  hemispheres.  When  signs  of 
volition  are  present,  we  may  safely  take  tnese  signs  as  indicaticms 
of  coDsciout^ness  aUo ;  hut  we  are  not  justiBed  in  saying  that  all 
consciousness  is  ahsent  when  8fttisfact<try  signs  of  volition  are 
wanting.  We  cannot  fi^rni  any  just  judgment  ou  the  matter 
without  some  more  trustworthy  and  objeclive  tokens  of  conscious- 
ness than  we  at  present  [Ktssoss.  But  what  we  may  safely  assert 
is,  that  the  coordinating  mechuuiBni,  the  retention  of  which  is  so 
striking  a  feature  of  an  anirpal  deprived  of  its  cerebral  hemi- 
spheres, is  cfinstructed  out  of  divers  afferent  impulses  of  various 
kinds  arriving  at  the  co<jrdinating  centre  from  various  parts  of 
the  body,  that,  in  fact,  the  coordination  taking  place  at  the  centre 
is  the  adjustment  of  efferent  to  afferent  impulses.  Many,  H  not 
all.  of  these  afferent  impulses  are  such  that  in  the  presence  of 
consciousness  they  would  give  rise  to  |>ereeptionB  and  ideas;  but 
we  have  no  reason  for  thinking  that  the  complete  development  of 
the  afferent  impulse  into  a  [>erception  or  an  idea  is  always  neoes- 
aary  to  the  carrying  out  of  eo<">rdiuation.  We  may  say  that  we 
have  a  sense  of  e<)uilibriun)  by  means  of  the  semicircular  canals, 
an<l  when  that  sense  is  deranged,  we  feel  giddy  and  cannot  stand. 
We  have  no  re»uion,  however,  for  thinking  that  the  faihire  to 
keep  upright  is  due  to  the  feeling  of  giddiness,  in  the  sense  of 
heing  a  direct  result  of  the  condition  of  the  consciousness.  On 
the  contrary,  since  the  peculiar  movements  characteristic  of  ver- 
tigo may  tiike  place  in  the  al>Hence  of  consciousness  without  tlie 
vertigo  being  actually  felt,  we  may  with  security  assert  that  the 
failure  to  stand  upright  and  the  feeling  of  giddiness  are  both 
concomitant  effects  of  the  same  disarrangement  of  the  coordi- 
nating mechanism. 

It  cannot  be  too  much  insisteil  upon  that  for  every  bodily 
movement  of  auy  complexity  afferent  impulses  are  as  essential 
as  the  executive  efferent  impulses.  Our  movements,  as  we  have 
already  urged,  are  guided  not  only  by  the  muscular  sense,  but 
also  by  contact  sensations,  auditory  sensations,  visual  sensations, 
and  visual  perceptions  i  for  the  remarks  made  above  concerning 
the  relations  of  the  coordinating  mechanism  to  consciousness  do 
not  exclude  the  possiliility  of  eunsciousncFS  afiecting  the  mech- 
anbm,  indeed,  not  only  may  perceptions  enter  into  the  causa- 
tion of  vertigo,  but  even  an  imaginary  idea  may  be  the  sole  ex- 
citing oauae  of  this  condition);  and  when  we  say  "they  are 
guided."  we  mean  that  without  the  sensations  the  movemenla  be- 
cotne  impossible.  In  studying  vision  we  saw  repeatedly  that  the 
movementa  of  the  eyes  were  directly  dependent  on  vision,  and 
every  ball-room  affords  abundant  evidence  of  the  tie^  h%VK<fife\i 
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sensatiouB  of  sound  and  ruotiuns  uf  the  liruba.  So  essential* 
tact,  are  aflerent  iin|iiil8ca  to  the  ilevelopment  of  complex  bodily 
movements,  that  we  are  alimrst  justified  in  considering  every  such 
movement  in  the  light  til' a  retlex  aclittu  made  up  of  afferent  and 
ertereut  impulses  and  central  actions,  and  set  going  by  the  influ- 
ence of  some  dominant  affereut  impulse,  or  by  the  direct  action 
of  those  nervous  changes,  whose  psychical  correlative  is  what  we 
call  the  will,  on  the  centre  itself.  All  day  long  and  every  day 
multitudinous  afferent  impulses,  from  eye,  and  ear,  and  skin,  and 
muscle,  and  other  tissues  and  organs,  are  streaming  into  our 
nervous  syntem  ;  and  did  each  aHercLt  impulse  iaeue  as  its  cor- 
relative eflerent  motor  impulse,  our  life  would  be  a  prolonged 
convulsion.  As  it  is,  by  the  checks  and  counterchecks  of  cere- 
bral and  spinal  activities,  all  these  impulses  are  drilled  and  mar- 
shalled, and  kept  in  hand  in  orderly  array  till  a  movement  is 
called  for  ;  and  thus  we  are  able  to  execute  at  will  the  most  com- 
plex bodily  manoeuvres,  knowing  only  why,  and  unconscious  or 
but  dimly  conscious  how,  we  carry  them  out. 

We  have  ventured  to  use  the  phrase  "coordinating  centre," 
but  it  must  be  understood  that  we  have  no  right  to  attach  more 
than  a  general  meaning  to  the  words.  We  cannot,  at  present  at 
leaflt,  define  such  a  centre  in  the  same  way  that  we  can  the  vascv 
motor  or  respiratory  centre.  When  the  optic  lobee  as  well  as 
the  cerebral  hemispheres  are  removed  from  the  frog,  the  power  of 
balancing  itself  is  lost ;  when  such  a  fntg  is  thrown  off  its  balance 
by  inclining  the  plane  on  which  it  is  placed,  it  falls  down.  The 
s|>ecial  coordinating  mechanism  for  balancing  must,  therefore,  in 
tins  animal  be  situated  in  the  oplic  lobes;  but  after  removal  of 
these  organs,  the  animal  is  still  capable  of  a  great  variety  of  co- 
ordinate movements :  unlike  a  frog  retaining  its  spinal  cord  only, 
it  can  swim  and  leap,  and  when  placed  on  its  back  immediately 
regains  the  normal  position.  The  cerebellum  of  the  frog  is  so 
snmll,  and  in  removing  it  injury  is  so  likely  to  be  done  to  the 
underlying  parts,  that  it  Iwctmes  difHcult  to  say  how  much  of 
the  coordination  apparent  in  a  frog  possessing  cerebellum  aud 
medulla  is  to  be  attributed  to  the  former  or  to  the  latter  ;  prttb- 
ably,  however,  the  part  played  by  the  former  is  small.  In  the 
mammal,  as  we  have  staled,  removal  of  the  whole  midille  and 
hin<l  bruin  does  away  with  the  most  marked  of  these  coordinat- 
ing mechanisms.  Removal  of  the  pons  Varolii  alone  has  the 
same  effect.  Injury  to,  or  disease  of,  the  more  suiierficial  parts 
of  the  corpora  quadrigemina  or  of  the  cerebellum,  does  not  ap- 
pear to  influence  the  movements  of  the  body  at  large  to  any 
striking  extent;  but  there  arc  many  pathological  cases,  as  well 
as  cx[)erimenta.l  observatiuus,  tending  to  associate  the  cxirdinat- 
ing  mechanisms  of  which  we  are  sfteaking  with  the  deeper  parts 
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of  the  cerebellum.  It  would  be  hazftrdous,  in  the  present  state 
of  our  knowledge,  to  make  any  definite  statement  coneeruing  the 
share  taken  by  these  several  cerebral  structures  in  the  various 
coordinations. 

Forced  Movements. 

All  investigatDrs  who  have  performed  experiment*  on  the 
brain,  have  observed  as  the  result  of  injury  to  various  parts  of 
it  remarkable  eompiilsory  movements.  One  of  the  most  common 
forms  is  that  in  whieh  the  animal  rolls  incessantly  round  the 
longitudinal  axis  of  it^  own  body.  This  is  especially  common 
after  section  of  one  of  the  crura  cerebri,  more  particularly  of 
the  external  and  su[>eri(>r  parts,  or  after  unituteral  section  of  the 
ponn  Varolii,  but  has  also  been  witne-ssed  after  injury  to  the 
medulla  oblongata  and  corpora  quadrigeiidna.  Sometimes  the 
animal  rotates  towards  and  sometimes  away  from  the  side  oper- 
ated on.  Another  form  is  that  in  which  the  animal  executes 
"circus  movements" — L  e.,  continually  moves  round  and  round 
in  a  circle,  sometimes  towards  and  sometimes  away  from  the  in- 
jured side.  This  may  be  seen  alter  several  of  the  above-men- 
tioned operations,  but  is  perhaj>8  particularly  common  after  in- 
juries to  the  corpora  striata  and  optic  thalami.  There  is  a 
variety  of  the  circus  movement  said  to  occur  frequently  after 
lesions  of  the  nates,  in  which  the  animal  moves  in  a  circle,  with 
the  longitudinal  axis  of  its  body  as  a  ra<lius,  and  the  end  of  its 
tail  for  a  centre.  And  this  form,  again,  may  easily  pass  into  a 
simply  rolling  movement.  In  yet  another  form,  the  animal 
rotat^  over  the  transvcri^e  axis  of  its  body,  tumbles  head  over 
heels  ID  a  series  of  somersaults;  or  it  may  run  incessantly  in  a 
straight  line  backwHrds  or  forwards  until  it  is  stoppe<l  by  some 
obstacle.  These  latter  forms  of  forced  movements  are  frequently 
seen  after  injury  to  the  corpora  striata,  even  when  a  very  limited 
portion  of  their  gray  matter  is  affected.  Lastly,  many,  if  not 
all,  these  various  forced  movements  may  result  from  injuries 
which  appear  to  be  limited  to  the  cerebral  cortex. 

Attempts  have  been  made  to  explain  the  rotatory  movementa 
by  reference  to  unilateral  paralysis  or  to  spHsm  of  various  mus- 
cles of  the  body  caused  by  the  cerebral  injury  ;  and  in  the  case 
of  the  "  circus'*  movements  with  partial  hemi|>legia,  which  follow 
upon  injury  to  the  corpora  striata  <.r  other  parts,  the  explanation 
that  the  animal  in  progressing  forward  naturally  bears  on  its 
paralyzed  or  weak  side  seems  a  vali<l  one ;  hut  the  movementa 
may  frequently  be  witnes.Hed  in  the  complete  absence  of  either 
paralysis  or  spasm,  and  caunot,  therefore,  be  always  so  explained. 
On  the  other  hand,  if  the  views  urged  just  now  concerning  the 
nature  of  the  coordinating  mechanisms  of  the  brain  are  tciv^^xvN^ 
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evident  that  they  afford  a  ^neral  ej^planation  of  the  pheoomena, 
though  our  pre^nt  knowledge  will  not  permit  u»  to  esplain  the 
geoeeie  of  each  particular  kind  of  movement.  Such  groes  injuries 
as  are  involved  in  dividing  cerebral  stnioture^,  or  in  injecting 
corroeive  suhstauces  into  the  midst  of  cerebral  organs,  must  of 
neoeaBity,  either  by  irritation  or  otherwise,  seriously  affect  the 
transnaiBsion  not  only  of  afferent  impuUes  in  their  cerebral  course, 
but  aleo  of  central  impulses,  inhibitory  and  the  like,  passing  from 
one  part  of  the  brain  to  another ;  and  must,  therefore,  eeriously 
affect  the  due  working  of  the  general  coordinating  mecbanisms, 
The  fact  that  an  animal  can,  at  any  moment,  by  an  effort  of  its 
own  will,  rotate  on  its  axis  or  ran  straight  forwards,  shows  that 
the  nervous  mechanism  for  the  execution  of  those  movemeota  is 
ready  at  hand  in  the  brain,  waiting  only  to  be  discharged  ;  and 
it  is  easy  to  conceive  how  such  a  discharge  might  be  affected 
either  by  thesubstitutinn  of  some  potent  intrinsic  afferent  impulse 
for  the  will  ur  by  some  misdirection  of  the  volitional  impulses. 
Pereons  who  have  experienced  simitar  forced  movements  as  the 
result  of  disease,  report  that  they  are  freouently  accompanied, 
and  seem  to  be  cause<l.  by  di.'<turi>ed  visual  or  other  seni«atiooe; 
thus,  when  they  suddenly  fall  forward,  they  say  thai  they  do  bo 
because  the  groun<l  in  front  of  them  appears  to  sink  away  beneath 
their  feet.  Without  trusting  too  closely  to  the  interpreiations 
the  subjects  of  these  disorders  give  of  their  own  feelings,  we  may 
at  least  couclude  that  the  disorderly  movements  are  in  many 
cases  due,  not  to  any  paralytic  or  other  failing  of  the  simple 
muscular  instruments  of  the  nervous  system,  but  to  a  di»urrler  of 
the  coordinating  mechanism,  which  in  many  cases  is  itself  the 
result  of  disortiered  sensory  impulses.  And  this  view  is  supported 
by  the  fact  that  many  of  these  forced  movements  are  accompanied 
by  a  peculiar  and  wholly  abnormal  position  of  the  eyes,  which 
alone  might,  perhaps,  explain  many  of  the  phenome-oa. 
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Using  the  word  cerebral  heniiefthere  for  brevity's  aake  to  de- 
note the  cortical  substance  of  the  cerebrum  (for  we  have  no  reasiM 
to  think  that  the  fibres  of  the  white  matter  serve  for  any  other 
than  conductinu;  functions,  and  it  is  advisable  to  keep  apart  the 
consideration  of  the  corpora  striata^,  we  have  endeavurenl  to  show 
that  in  respect  to  function  a  broad  line  separates  these  structures 
from  the  rest  of  the  brain.  We  have  seen  reason  to  think  thai 
will  and  iutellitrence  are  associated  with  the  former,  while  tfat 
latter  are  concerned  in  elaborating  and  coordinating  afl^reot  aod 
edkrent  impulses  in  such  a  way  as  to  furnish  a  oompiioatwt 
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nervous  machiuery,  ol'  which  the  former  inakra  use  in  carrying 
out  the  voluntary  and  intelligent  movements  of  the  body.  It  ia 
not  uncommon  to  Bpeak  ■>('  the  cerebrui  heniigphcres  ns  "  (he  seat 
of"  will  and  intelligciiee.  8uch  a  phnise  \»,  huuever,  o()en  to 
objection.  It  supj^'ests  that  if  the  cerebral  hemi*i[>bere!?  could  be 
kept  alive  quite  isolated  from  the  rc»t  of  the  brain,  the  proccflsea 
of  volition  and  intelligence,  though  unable  to  manifest  themselves 
by  any  outward  nhuw,  wouM  i»till  gu  on.  But  we  are  not  iu  a 
position  to  accept,  without  hesitatiou,  fluch  an  asdumpiion.  All 
we  know  is  that  the  existence  of  volition  and  intelligence  are 
dependent  on  the  connection  of  the  cerebral  cortex  with  the  rest 
of  the  brain.  When  that  connection  ie  broken,  they  disappear; 
and  it  may  be  that  wliat  we  call  voliti(tn  and  intelligence  are  the 
product  of  both  the  cerebral  heujiepheres  and  other  parts  of  the 
brain  working  together  by  virtue  of  their  connections,  and  was- 
ing  80  to  work  when  the  connections  fail ;  on  the  other  hand,  it 
may  be  that  they  are  generated  in  the  former  alone,  and  that 
the  connections  only  serve  to  allow  the  former  to  make  use  of 
the  machinery  of  the  latter.  Our  present  knowledge  will  not 
allow  us  to  decide  between  these  two  views;  meanwhile,  it  will 
be  well  not  to  consider  the  latter  as  the  only  possible  one. 

With  this  preliminary  caution,  we  may  nttw  proceed  to  inquire 
whether  we  can  attribute  different  functions  to  tlifferent  part«  of 
the  cerebral  cortex.  All  the  older  observers,  Flourens  and 
othera,  agreed  that  when  the  cerebral  cortex  was  gradually  re- 
moved, piece  by  piece  or  slice  by  slice,  no  obvious  eflects  mani- 
fested themselves,  either  in  the  intelligence  or  volition  of  the 
animal,  when  the  first  small  portions  were  taken  away  ;  but  that, 
as  the  removal  was  repeated,  the  animal  became  metre  and  more 
dull  and  stupid,  until  at  last  l)oth  intelligence  und  volition  seemed 
to  be  entirely  lost.  It  has  beeu  frequently  observed  that  in  case, 
of  wounds  of  the  skull  large  portions  of  the  brains  of  men  might 
be  removed  without  any  marked  eflect  on  the  psychical  condition 
of  the  patients.  The  brain  when  exposed  was  found  not  to  be 
sensitive;  and  ordinary  stimuli  applied  to  the  surface  of  the 
convolutions  of  animals  failed  in  the  hands  of  most  exj>erimenter8 
to  pro<Iuce  any  clearly  recognizable  effect™  Hence,  it  became 
very  common  to  deny  the  existence  of  any  localization  of  func* 
lions  in  the  convolutions  of  the  hemisphere,  and  to  s]>eak  of  the 
brain  as  "acting  as  a  whole,"  whatever  that  might  mean.  On 
the  other  hand,  pathological  observation  seemed  clearly  to  show 
that  diseased  conditions  limited  to  differeut  arena  of  the  convolu- 
tions, produced  different  efi'ects.  It  was  found  that  in  the  case 
of  circumscribed  lesions  confined  to  parts  of  the  cerebral  cortex, 
the  effects,  whether  in  the  way  of  paralysis  or  of  convulsive 
movements,  were  frequently  confined  to  certain  re^vsofc  vil  ^^ 
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body,  or  were  even  limited  to  particular  gioupe  of  mu8cl««.  One 
set  of  phenomena  in  particular  apoke  very  atrougly  in  favor  of 
definite  convolutions — i.  e.,  detinile  parts  of  the  cerebral  cortex 
having  definite  fiuictious.  In  certain  cases  of  cerebral  diaease, 
the  patient  is  unable  to  gpcak  at  all,  or  speaks  imperfectly  or 
incorrectly.     It  is  ubvious  that  the  failure  to  speak  or^to  speak 

{)roperly  may  be  brought  about  in  various  ways;  the  fault  may 
le  simply  in  the  tongue  or  hypogloeeul  nerve,  or  It  may  lie  in 
one  or  other  of  the  series*  of  central  and  cerebral  processes  which 
issue  in  coordinate  impulseii  being  sent  to  the  organs  of  speech. 
Using  the  word  aphasia,  as  is  usually  done,  in  its  general  sense, 
to  denote  the  partial  or  complete  l(»6S  of  articulate  speech  due  lo 
cerebral  causes,  we  may  say  that  aphasia  was  found  to  be  so 
closely  asaociatcd  with  disease  of  a  dctinitepart  of  the  brain,  viz.» 
the  posterior  portion  of  the  third  frontal  convolution,  Fig.  235 
(9)  (10),  as  to  atlurd  almost  irresistible  proof  that  this  particular 
part  of  the  brain  must  be  specially  connected  with  the  faculty  of 
speech.  Moreover,  the  disease  occurs  in  so  great  a  majority  of 
cases  on  one  side  of  the  brain  only,  namely,  the  leR  (aphasia 
being  frequently  a  symptom  accom^uinying  right  hemiplegia,  or 
paralysis  of  the  right  side  of  the  body,  the  disea^^e  in  such  cases 
affecting  other  part*  of  the  brain  as  well),  as  to  suggest  the  idea 
that  in  the  act  of  speech,  one  side  of  the  brain  only  is  used.  On 
this  point,  however,  we  must  not  dwell  now  ;  we  cannot  here 
discui^  the  question  of  unilateral  cerebral  activity,  or  the  exact 
nature  of  the  failings  which  lead  to  the  loss  of,  or  to  errors  in, 
8|)eech,  or  with  what  particular  link  or  links  in  the  chain  of 
cerebral  events  leading  to  speech,  whether  mainly  aflbreut  or 
mainly  efferent  ones,  this  portion  of  the  cortex  is  associated  ;  we 
simply  quote  these  cases  of  aj>hasia,  as  affording  proof  of  the 
localization  of  function  in  the  cerebral  cortex. 

Fur  a  while  then  the  teachings  of  pathology  and  experiment 
were  contradictory;  but  continued  experimental  inquiry  showed 
that  the  former  were  in  the  right.  Uitzig  and  Fritsch  were  the 
first  to  show  that  the  local  application  of  the  constant  galvanic 
current  to  particular  convolutionB  and  to  particular  parts  of  con- 
volutions gave  ri^  to  definite  coordinate  movements  of  various 
groups  of  muscles.  Thus,  while  the  stimulation  of  one  spot 
(Fig.  234)  caused  movements  in  the  muscles  of  the  neck,  an- 
other caused  extension  with  adduction  of  the  foreleg,  a  third 
movements  of  the  hindleg,  a  fourth  movements  of  the  eye  and 
other  parts  of  the  face.  In  fact,  they  and  Ferrier,  who.  using 
chiefly  the  interrupted  or  faradic  current,  repeated  and  extended 
their  obtservaiiouij,  were  able  to  map  out  the  convolutions  of  the 
front  and  middle  parts  of  the  hemisphere  of  the  dog  (Figs.  234, 
285),  cat,  monkey  ^Figs.  235,  236),  and  other  animals,  into  a 
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number  of  precisely  limited  areas,  the  stimulation  uf  each  area 
pruducing  a  distinct  aod  limited  niovemeDt,  while  stimulation  of 
a  large  surface  produced  general  convulsions.  The  movements 
were  so  precise  ihat  tbey  answered  each  to  the  spot  stimulated 
almost  as  completely  as  a  not«  answers  to  a  key  struck  on  the 
piano.  A  somewhat  similar  relationship  has  also  been  observed 
between  vaiious  regions  of  the  cortex  and  the  secretion  of  saliva, 
the  beat  of  the  heart,  the  condition  of  the  pupil,  the  action  of 
vBso-motor  nerves,  and  other  organic  functions. 

KiG.  234. 


Tni  Abbaa  or  thr  Cjebkhiiai.  CunvoLirtiuM  ut  tUL  Vwi^  acouedimu  to  Uitim  axd 

FttlTSClI. 

(1)  ^  Tbe  are»  for  tbi<  mu«rlcs  t?t  thv  dkIe. 
(t)  -F  TtiQ  ATM  for  Oi»  vxhitiflon  uiJ  adiluvtiun  of  Ibu  fut-elluU 
(S)  -f  Tlir  AniB.  for  tbn  lIcxKin  anil  rntnlluti  of  tbi*  rireliinb. 
(4)  tt  Tbo  ariA  for  the  hlcdliuib. 

BuudIok  tmuverKl;  lowanla  AUd  wparaUug  (IJ  lUul  (3)  from  (3)  (uitl  (I)  i»  tw\i  tbu 
trmri  tt  mili'u». 

(ft)  O  Tb«  fariA]  ATvo. 

These  experiments,  which  have  not  only  been  confirmed  by  many 
observers,  but  may,  with  due  care,  be  successfully  repeated  by 
any  one,  clearly  show,  in  spite  of  some  discordance  among  various 
authors  as  to  the  exact  poslEion  and  extent  of  tbe  several  '* areas/' 
that  there  is  a  conueetion  between  electric  stimulation  of  certain 
areaa  of  the  brain-surface  and  certain  bodily  movements.  The 
areas  in  question  have  been  spoken  of  by  some  authors  aa 
'•  motor  centres."  Such  a  term  is,  however,  undesirable,  since  it 
suggests  that  the  brain-«urface  in  a  given  area  is  l&c^i&V^  f^«:^:>^- 
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pied  ID  giving  rise  to  the  cuiinlinate  nervous  impulses  wbicb 
carry  out  the  movement  resulting  from  stimulatiou  of  the  area; 
i  wherrns,  as  we  have  alreudy  Been  from  the  behavior  of  an  animal 

I  deprived  of  its  cerehrnl  hemispheres,  coordiuation  is  effected  in 

I  parts  uf  the  brain  other  than  the  surface  of  the  cerebral  hemi- 

Fio.  23-'.. 

\ 

^m  tni 

^H  O.  tbe  ulfticiMr>-  Ktlw:  A,  tht)  timmv  of  ftylvliik;  tK  It"'  cnx'tMl  MilriM.    ^Intulnliuu  bj  lh<* 

^H  (utvimptod  canriii  of  the  uviu  f  iiilli-nt«^il  hy  Chr*  wn<ral  ctnlvt  imnlocn  tl»  MluwlnR  i 

^^f  (1)  Tlix  UinillrK  Is  iwIvAbriMl  as  in  wulkitin 

(S)  Lal«r«l  K't  wHK^fng  luutluii  t>f  llio  l«U. 

(4)  RvtmcUon  and  ii<l<)ucili>ti  of  t\ut  lipiKjalu*  furvltnil'. 

(fi)  E)i*v*tJkiti  111  l)i«>  aluiiiliUir  nf,  and  L>xtr>u«liiii  furwanla  of,  Ibv  u|it«Mltr  fnreltmt. 

17)  Cl<*iirp  of  Iliff  Minxirfii'  ry*'  <^\\t^\  ^-y  nmyhuxM  (irthm  of  the  Qri>jrii|«r  ftHi)  nj) 
niiucloL 

(8)  llotnctiua  ••ml  vli«v«4l<>n  <>f  <h«  i«|»tiu^U-  nti^lu  uf  Wti  iiioulli. 

(9)  Tbe  DKiutli  \*  ••jN>ncil  ad*]  the  tuiijo)*^  nwtY«l,  wim^^ilnm  i«rkluii  <»  iirvMliimt 
(11)  Rulimollotl  uf  (lir  lUiglo  of  the  iiutiO). 

(15)  OpoittDg  uf  tl)o  oyM  luul  UllMlioii  uf  fliK  pu|*U« :  Ibo  «y«  unl  Uwii  Uio  ^mtA  lur«ll^ 

(lU)  Tli<>  pyvlinJlH  muvo  lu  Uim  <ippt«llo  al'lv. 

(14)  rrii-kiiiK  or  MitUlrfti  rotRulicitt  ut  flic  u|t|}i«l(i!  enr. 

(16)  Toniori  uf  tli.-  n^mti-ll  i-n  llu-  «it«'  tXA*; 
Ofl>  nctnlfmi  uf  (Ite  lit<  nitil  •lllurlMii  iT  ttir  i'>.«lril. 

Spheres;  and  all  that  the  areas  in  question  do  i:^  to  make  use  in 
some  way  <>r  other  of  the^ie  lower  cnordiDatiiig  mcohanisras. 

As  will  he  seen  from  an  inspeotiou  of  the  figures  the  areas, 
stimulation  of  whieh  ^ivea  rise  to  definite  movements,  are  dis- 
trihulc<i  over  \\  part  <mly  of  ihe  surface  of  the  hemisphere!. 
Uver  large  tracts  of  the  surface  electric  stimulation  givM  riiic  so 
no  movements  at  all.    It  has  been  supposed  that  the  sumulatiou 
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of  these  parla  gives  rise  to  various  psychical  slates,  of  such  a 
nature  that  they  do  uot  manifest  themselves  by  any  movementa 
as  do  the  {psychical  states  brought  about  by  stimulation  of  the 
so-called  motor  areas;  and  hence  the^e  trflcts  have  been  sup- 
poaeil  to  be  composed  of  so-called  "sensory"  centres,  a  term  even 
more  objectionable  than  **  mot«)r"  centres. 

Fia.  'JSfi. 


Fii;«. 'i36  A»i»  2^7. — Sii^k  axv  t'rricu  ViKW»or  the  BiLArN  vt  Ma.<(,  wtin   riiK  Aut.4ii 

!>!'   niB   OKILKnSAl.  CfiNVOLLTIUKH,   ACCniLUtMJ  TO  TXMUIKIL. 
Tiefifvirm  mrt  *midru(U4  by  markiay  oa  th*  bniiii  of  nwtn,  te  Ikeir  n*p€cUvt  •tfuaf»"rM,  lAr  nr^n* 
a/  Utt  bmim  of  iMo  monjby  oa  thUrmtnft  ttg  rrjtrrimml,  und  tU  tUmerijitiaH  of  Ou  ifffnU  o/  tlimm^ 
iaUmg  tkt  ntrkm»  urau  r^wt  to  lAc  bnilii  of  tlia  iiinnk*/. 

(1)  (Oq  tho  |>fi«hT)«>r-p«ri«iUl  [imiwrior  (mrliitiU)  Ititmln.)    AtlvMicouf  Ui»  uppodto  hlud- 

lliiit,  iw  111  WMlklng. 
[i\  (3},  <4)  (Aruuuil  Uib  u|»i«r«xlrviitiiv  iif  th«  ftniiro  uT  liuUmlu.)   Oomplvx  mutemci 

»f  tlM  op|MwiU'  Ifji;  unit  ana,  Mill  u(  tb«  trnak,  u  tii  iwluuiiiDg. 
{*)t  W'  ('*)i  Wl  ("■■  I'*"  T" «***ru-|wrtp(al  l|H«t«rior  in>iilml]  •-oiivoltitltin.)     lodfvlJuiU  i 
C(>iut4it<sl   tti'iTuiiKnte  of  tlio   Anit^n  auti  wriat  uf  the  u(>]MMi1tB  lionJ.     Frvhel 
nuiTemmiu. 
(Sj  (Al  iho  lAMberlor  t*\tr>'iiitt;  uf  Ibo  •itpc'rtor  ftvtitiil  cviiviiliili»ii  )     Kxu*n«fun  forwutl 

uf  till)  ojijiiMili:'  arm  uinl  tmud^ 
(in  (On  tUb  ii|i|H-r  jMut  of  ihff  witsm-parloUt  or  OAConding  fVunUl  [aaUriui  vAvOx^^vsAnor 
latlua.)    Sui'loiiU<J4i  Mid  flexion  of  Um  o)»yuiii<i  tot«ikTt&. 
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C^nBuiug  ourselves,  for  the  present,  to  the  areas^  Bliniulation  of 
which  produces  movements,  the  rjuestion  naturalty  preseute  itaclf, 
Do  events  ut*  importance  take  place  in  the  gniy  matter  itself 
when  stimulHted,  or  is  it  that  cither  by  stimulation  of  the  tibrefl 
of  the  white  matter,  or  by  simple  escape  downwards  of  the  cur- 
rent employed  as  a  stimulus,  the  parts  below,  such  as  the  corpora 
striata,  are  stimulated,  and  that  the  shaping  of  the  movements- 
according  to  the  loc^ility  operate<)  on  id  etfected  in  these  lower 
parts  and  not  at  the  surface  itself?  On  this  point  considerable 
controversy  has  taken  place.  On  the  one  hand,  it  seems  clear 
that  localization  of  function — that  i»  to  say,  the  occurrence  of 
definite  movements  as  the  result  of  stimulation  of  definite  parts — 
may  take  place  in  the  regions  of  the  brain  below  the  cortex, 
since  the  appropriate  movements  follow  upon  stimulation  of  the 
several  cortical  areas,  when  the  gray  matter  has  been  removed, 
or  rendered  functionally  incapable  by  treatment  with  acids  and 
the  like,  or  separated  functionally  from  the  white  matter  below 
by  an  incision  parallel  with  the  surface;  and  dcHnite  movements 
have  been  even  obtained  by  stimulation  of  definite  parts  of  the 
surface  of  the  corpora  striata.  On  the  other  hand,  we  have 
adequate  evidence  that  when  movements  in  a  muscle  or  group  of 
muscles  are  produced  by  stimulation  of  an  area  of  the  surface  of 
the  cerebrum,  the  iiiovemeuts  cliJfer  in  character,  for  instance  in 
the  length  of  the  latent  period,  the  form  of  the  muscle  curves, 
etc.,  according  as  the  stimulus  ia  applied  to  the  intact  cortex  or 
to  the  underlying  white  mutter.  Further,  the  irritability  of  the 
gray  matter,  falling  ami  rising  with  the  condition  of  the  animal, 
is  much  more  variable  than  is  that  of  the  white  mutter;  and, 
while  under  certain  circumstances,  stimulation  of  the  gray  matter 
is  apt  to  give  rise  to  general  epileptit'orm  convulsions,  Btimulation 
of  the  white  matter  rarely,  if  ever,  produces  such  an  effect 
Without  discussing  the  matter  any  more  fully,  we  may  say  that 
the  preponderating  evidence  seems  clearly  in  favor  of  the  view 
that  when  the  gray  matter  is  stimulated,  some  events  of  an  im- 
portant kin^l  do  take  place  in  the  gray  matter  itself:  in  other 
words,  we  have  evidence  of  a  localization  of  function  in  the 
cortex,  inasmuch  as  when  a  given  area  of  the  cortex  is  stimulated 
the  movements  in  a  definite  group  of  muscles  which  result  are, 
in  part  at  least,  due  to  changes  taking  place  in  the  gray  matter 
itself  of  that  area. 

If  such  is  the  case,  if  events  of  importance  having  an  especial 
eonnectiou  with  certain  muscles  result  from  the  stimulation  of  a 
given  area,  it  is  only  reasonable  to  conclude  that  in  actual  life 
more  or  less  similar  events,  having  similar  relations  to  the  mus- 
cles, take  place  in  the  area  from  time  to  time.  Further,  it  seems 
also  reaaonable  to  suppose  that  these  events  are  of  sucVv  w  V\\A 
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that  the  area  may  be  reg;arded  as  a  "  point  d*appui  '*  by  which 
will  and  intelli^nce  are  brought  tj^  bear  ou  the  muscle*  corre- 
spondiDg  to  the  area.  We  may  very  fairly  imagine  that  when 
a  dog  wills  to  extend  the  fi)re-limb,  the  cerebral  changes  are  of 
such  a  kind  that  eventually  pnx-esses  are  »et  up  in  the  gray 
matter  of  the  area  for  extension  of  the  fore-limb  similar  to  thoee 
which  arise  from  stimulRtiou  of  the  area.  But  if  this  be  the 
case,  then  removal  of  the  area  ought  permanently  to  remove 
also,  from  the  dominion  of  the  will,  the  muscles  employed  in  ex- 
teoaioD  of  the  limb;  the  chain  of  events  leading  down  from  tbe 
inception  of  the  voluntary  efibrt  to  the  actual  contraction  of  tbe 
appropriate  muscles  ought  to  be  broken  \a  the  link  constituted* 
by  the  events  occurring  in  the  cortical  area ;  the  dog  ought  there- 
al\er  to  be  unable  to  extend  his  fore-limb  by  any  direct  effort  of 
the  will.  The  results  of  experiiuent,  however,  bhuvt  that  this  ia 
not  the  case.  Immediately  after  the  openitiou  by  which  tbe 
area  is  removed,  more  or  leas  paralysis,  it  ia  true,  may  be  ob- 
served in  the  corresponding  muscleB.  But  this  soon  passes  away. 
and  complete  power  nver  the  muscles  may  be  regained.  The 
temporary  paralysis  seems  to  be  a  sort  of  inhibitory  effect  due  to 
the  injury  cau!*ed  by  the  oi>eration  ;  and.  though  the  experiment 
coufinna  the  view  that  some  special  c<JUuection  exists  between 
the  cortical  area  and  the  appropriate  group  of  muscles,  it  dis- 
proves the  view  that  the  area  serves  as  a  direct  instrument  of 
the  will.  Nor  can  we  take  refuge  in  the  idea  that  some  other 
area  has  tak«n  up  vicariously  the  duties  of  the  lost  area.  This 
is  disproved  by  the  observations  of  many  imjuirers  which  go  to 
show  that  not  only  many  different  parts  of  the  brain,  but  a  very 
large  portion  of  the  whole  brain,  may  be  removed  without  any 
clear  and  definite  paralysis  of  any  group  of  muscles  being  occa- 
sioned. In  the  experiments  of  Goltz,  which  we  shall  mention 
directly,  the  loss  of  a  large  mass  of  the  cerebral  convolutions 
diroinbhes  the  movements  of  the  l>ody,  inasmuch  as  it  curlails 
the  general  action  of  the  intelligent  will  which  brings  them 
about,  but  does  not  withdraw  any  imrlicular  set  of  muscles  from 
the  inHuence  of  the,  so  to  speak,  shortened  will  which  is  left  to 
the  animal.  Imieed,  we  have  reason  to  think  that  when  in  8uch 
oj)eratioDs  directeil  s<»lely  to  the  removal  i>f  the  cerebral  convolu- 
tions, paralysis  of  any  particular  group  of  muscloe  occurs,  mis- 
chief must  unwittingly  have  been  done  to  ottier  parts  of  the 
brain. 

What  then  can  we  conclude  aa  to  the  nature  of  the  erenla 
which  take  r)!ace  in  the  several  cortical  areas?  To  this  question 
uufortuiiHteiy  no  clear  answer  can  yet  be  mven;  tor  the  results 
of  different  inquirers  are  so  far  irreconcilauly  lipposed. 

On  the  one  hand,  one  observer  cMuok;  states  that  the  removal 
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of  a  certain  area  in  the  posterior  lobes  produces  no  other  effect 
whatever  but  blindness.  Jle  further  stales  that  removal  of  snaall 
portious  of  the  area  leads  to  partial  blinduese — that  is.  to  the 
formatioa  so  to  sjM'ak  of  BrtiHcial  bliud  spots  in  the  field  of 
vision  correspondiug  to  the  »i)nlg  of  cerebral  cortex  removed  ;  so 
that  the  retinal  inrntje  may  he  conceived  of  br  projected,  as  it 
were,  on  to  the  "visual  area"  of  the  cerebral  convolutions. 
Muuk  ha»  moreover  been  led,  for  reasons  which  we  cannot  enter 
into  here,  to  believe  that  removal  of  part  of  this  area  (the 
circumferential  part)  leads  to  what  may  be  called  "absolute 
blindnees/'  t.  c,  the  inability  to  gain  conscious  sensations  of  the 
ima^  falling  on  the  retina,  whereas  removal  of  another  part 
(the  central  part)  leads  to  what  may  be  called  "  peychical  blind- 
ness," (*.  e.,  the  inability  to  form  an  intelligent  comprehension  of 
the  visual  impressions  received.  The  latter,  he  maintains,  may 
eventually  be  recovered  from  by  processes  wliich  may  be  crudely 
spoken  of  as  the  deposition  of  new  visual  experiences  in  the 
visual  area.  Wc  cannot  discuss  those  results  in  detail  here,  but 
we  may  add  that  Muuk  has  similarly  been  led  from  his  exj>eri- 
ments  to  conclude  that  the  rest  of  the  cerebral  surlace  may  be 
parcelled  out  into  auditory,  olfactory,  tactile,  etc.,  arews,  in  fact 
that  all  the  sensory  impulses  which  streaiu  upon  the  living  body 
are  projected  as  sensations  on  to  the  cerebral  convolutions  in 
definite  order,  beinj^  there  elaborated  into  perceptions  and  expe- 
riences, this  reception  and  elaboration  bein^  the  special  work  of 
the  cerebral  cortex.  And  one  author  (Schifl* )  has  from  the  first 
maintained  that  the  cortical  **  motor*'  areas  associated  with  move- 
ments in  particular  regions  of  the  bofly,  have  to  do  with  the 
tactile  sensations  arising  in  those  regions,  and  that  the  move- 
ments arising  from  stimulation  of  the  areas  are  tactile  reflex 
actions  started  in  the  cortex  of  the  brain  instead  of  in  the 
periphery  of  the  body. 

On  the  other  hand,  another  observer  (Goltz)  maintains  that 
the  whole  of  the  jxwterior  lobes  may  be  removed  without  affect- 
ing vision  any  more  directly  than  does  the  removal  of  the  anterior 
or  middle  lobe?.  In  fact  this  author  in  his  latest,  as  in  his  earlier 
researches,  insists  must  strongly  that  he  can  no  more  obtain  dis- 
tinct evidence  of  localixatiou  in  reference  to  vision  or  other 
sensations  than  in  reference  to  movements.  When  in  a  dog  the 
lesions  are  slight  the  recovery  from  imperfections  of  vision,  of 
the  other  senses,  and  of  general  sensibility  which  follow  im- 
mediately on  the  operation,  may  be  complete.  When  a  larger 
portion  of  brain  is  removed,  whatever  be  the  region  of  the  hemi- 
sphere acted  on,  certain  peculiar  imperfections  of  sight  and 
other  sensations,  corresponding  to  the  psychical  blindness  spoken 
of  just  now  as  observed  by  Munk,  become  strikvn^^  ^x^^  vca.^ 


746 


TBK    BKATSr. 


he 
^  &ib  ID 
tei 

b  tkfwiCMd  vitb  tW  «U^  In  k 

Md«tfftrUipavhe 

tke  opentiaB  be  httxmt  irialfdy  czotad  iriMS  ibe 

dfwed  n  m  tfwlirtr  gaib  vas  pf>wtffH  to  bim«  he  re* 

aiier  ihe  infieiiun  pcrfeetlr  iDdificreBt  to  the  mcmm  mege. 

fltnkiac  ehuadcr  of  this  iBporieelka  ef  Tinoa  k  thet 

U  ifst  eooM  Mt  recogBOB  hb  Ibod  bjr  v^  ■«' 
to  the  whip,  Icmn*  after  e  while  to  kaev  the 
to  fc^pecC  the  ether.    It  woaM  be  hemdoiM,  bewmu, 
a|ww  ibe  riew  tbet  in  nch  e  case  tbe  leiloie  wee  of 
psjchxel  oripo,  doe  to  tbe  waat  of  istd^cBt  powtt  hSkf  to 

li  aMt  be  that  tbe  mam- 
iperi^ct,  aad  wauile  to  riTe  riae  to  aaf- 
SaemOj  defiaito  perceptwM,  all  thiaee  PoAfy 
tbe  dag  a»  if  leca  theoagh  a  gune  wi&  all  their 
oat.  With  foch  aa  inperlect  risiea  a  dog  magbt  rradilT  &il  to 
ttvugmvL  scat  br  ^fat  aad  night  caaily  ngani  with  naraeeera 
aay  6gare  however  faa  tactical  It  drcaecd. 

Aflcovdtag  thca  to  ihe  viewB  adrgcated  br  Gohx,  hania^  aoae 
poaabki  ditfercaee  ia  theezteat  to  which  the  iatelleet  or  ihu  ■■e 
tioat  are  leapectiediy  ■lectcd  aceoidiBg  to  the  pact  of  tbe  bnda 
eperaied  oa,  reneval  of  the  hiaia  |if«a  ao  eiiJeaee  ae  to  aay 
pan  of  tbe  niad  (>■»§  that  word  la  a  wide  eeaee)  bciag  eoa- 
aeetcd  with  aaj  particular  part  of  tbe  cerebial  carteac  Auoaid' 
iog  to  ibe  viewf  adrocat^Nl  by  Muok.  all  tbe  eeaMliaaa  which 
form  tbe  hiwiB  of  psychical  activity,  are  very  6tUMy  flMiK 
eiated  with  dittioct  arca^  «>f  ibe  oierohitMiaa;  aad  acarly  aQ 
tbcae,  Ferrier  and  ntbere.  wIh>  hare  urged  tbe  doetrisM  of  kheaiia^ 
tioa  of  firoctioa  ia  tbe  cerebral  cortex  have  beea  led  to  eatertaxa 
coaeeptiotie  more  or  kae  tinilar  to  ih«ee  of  If  eak.  The  line  ii 
Bot  yK  rifie  to  decide  dognuiUcallT  betweea  ibcae  onaJietitg 
▼ieaa,  thoof^h  it  appears  to  ua  that,  of  the  two,  tbe  IbraMr  eae 
ii  the  acarer  the  tniib.  All  tbe  aM>re  eo  aiMe  there  aie  aone 
lor  thiaking  that  ia  tbnae  opcratioas  ahicb  appear  to  he 
'  to  tbe  cortex  aad  tbe  whito  aaUter  imawdiately  bfaiath 
tbMr  diiirr  ii  aot  oafm^ocatly  dooe  to  ante  oeatral  paito  ef 
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the  braiUf  such  a«  the  corpora  striata  and  optic  thalami ;  and  it 
is  quite  possible  that  where  bliDdncss  becomes  a  firominentsynip- 
toni  afler  these  operatioDs,  the  immediate  cause  of  that  bliudnees 
is  not  in  the  cortex  but  in  the  oniic  thaliuni. 

But  if  we  accept  (Joltz's  concluaions,  there  stiil  remains  at  !east 
an  apparent  contradiclinn  between  these  and  the  conelusions  we 
reached  just  now  concerning  the  results  of  stimulatinn  of  the 
surface;  but  this  we  niuH  leave  for  further  iuauirieB  to  clear  up. 

Before  leaving  the  subject  of  the  cerebral  convtdulions  we 
wi«h  to  call  attention  to  certain  remarkable  result*  which  have 
been  obflcrved  to  tbtlow  upon  stimulation  of  the  cerebral  cortex, 
under  various  circumstances,  more  particularly  in  diflerent  stages 
of  the  influence  of  narcntic  ilru*^  such  as  morphia.  In  certain 
stages  of  narcotism  by  morphia^  the  dose  required  varying  accord- 
ing to  the  iQdividual,  but  generally  being  large,  the  irritability 
of  the  cortex  \a  diminished  ;  currents  which  previously  readily 
produced  contraction;^  in  the  muscles  correspMaidmg  to  the  area 
stimulated,  now  produce  little  or  none  at  all;  aud,  indeed,  the 
cortex  may  be  tnus  brought  to  such  ctmt^ition  that  even  very 
stroug  currents  produce  no  movements  at  all.  In  such  cases, 
movements  may,  at  times  at  all  events,  he  brought  about  by  re- 
moving the  cortex  and  applying  the  electrodes  directly  to  the 
underlying  white  matter,  thus  shnwiug  that  the  morfvliia  pro- 
duces its  effects,  lu  part  at  least,  by  acting  directly  on  the  cortex 
itself.  From  this  we  gain  an  additional  argument  in  favor  uf  the 
independent  irritability  of  the  cortex. 

On  the  other  baud,  in  certain  stages  of  the  action  of  morphia 
the  irritability  of  the  cortex  is  not  diminished,  but  on  the  con- 
trary increased.  It  is  well  known  that  an  animal  under  the 
influence  of  ntor|ihia  frequently  manifests  an  Increase  of  reflex 
excitability,  being,  for  instance,  remarkably  sensitive,  and  readily 
re8p«»nding  to  the  stimuli  of  rounds  and  noises;  and  a  similar 
exaltation  has  been  observed  in  reference  to  the  influence  of 
electric  stimuli  applied  to  the  cortical  areas.  At  times  this 
increased  excitability  may  become  so  developed  that  the  applica- 
tion of  even  a  moderate  stimulus  leads  to  epileptiform  convul- 
sions, lasting  for  some  considerable  time.  Not  unfrequently, 
indeed,  ex[)eriments  of  this  kind  have  to  be  suspended  on  account 
of  the  appearance  of  these  convulsions.  When  any  particular 
*' motor  area"  is  being  stimulated  the  convulsive  contractions 
generally  appear  Hrst  in  the  appropriate  gnmp  of  muscles  and 
thence  spread  tirst  over  the  same  side  and  then  over  the  other 
side  of  tne  body  until  sometimes  the  whole  frame  is  convulsed. 
Wheu  the  cortex  is  removed,  and  the  electrodes  are  applie<l 
directly  to  the  subcortical  white  matter,  these  convulsions  are 
not  nearly  so  readily  produced,  and  when  they  ayi^ft^t  %.T«^.  -wjX 
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exactly  of  the  same  character,  being  generally  limited  to  oni 
Bide  of  the  body.  It  would  thus  appear  that  the  codvuUiuds, 
though  carried  out  by  the  nervoua  machinery  of  the  lower  parts 
of  the  bratu,aud  more  especially  perhaps  by  theao-calted  *' con- 
vulsive centre"  in  the  medulla  oblongata,  originate  and  to  a 
large  extent  are  fashioned  by  changes  iu  the  cerebral  cortege ; 
and,  though  thia  is  a  matter  into  which  we  muat  not  go  more 
fully  here,  pathological  and  clinical  obseTvalions  similarly  tend 
to  show  that  epilepsy  iteelf,  in  certain  cases  at  all  eveut«,  is  the 
product  of  an  abnormal  action  of  the  cerebral  convolutions^ 

From  what  ha«  been  uaid  in  previous  sections,  more  partica- 
larly  iu  reference  to  the  retie\  actions  of  the  spinal  cord  (p.  592) 
and  co4>rdinati;ig  mechaniama  (p.  734),  the  reader  will  be  pre- 
pared for  the  observation  that  the  phenomena  of  these  con  vol- 
sions  suggest  the  idea  that  they  arise  not  so  much  from  a  poaitive 
increase   iu   the  explosive,  discharging  energy  of  the   central 
nervous  mechaniriras,  as  from  a  withdrawal  of  certain   normal 
restraining  inhibitr>ry  influences.     We  have  already  more  than 
once  insisted  that  almos't  any  event  in  the  central  nervous  system 
is  to  be  reganled  not  as  the  result  of  the  activity  of  some  one 
isj-jlated  nervous  machine,  but  as  the  outcome  of  various  con- 
tlicting  processes,  some  positive,  tending  to  briug  out  the  event, 
others  negative,  oflering  a  resistance  or  bringing  inhibitory  in- 
fluences to  bear.     And  it  would  seem  that  this  is  even  more  true 
perhaps  of  the  cerebral  convolutions  than  of  any  other  part  of 
the  nervous  system.     Such  a  view  ia  at  all  events  strongly  sup* 
ported  by  mtme  observations  lately  made  by  Heidenhain.     If  in 
an  animal  under  morphia,  the  coutractiom#  iu  a  muscle  resulting 
from  the  stimulation  of  the  appropriate  '*  motor  area/*  by  a  cur^ 
rent  of  known   strength,  be  recorded,  the    sciatic  nerve  then 
divided  ur  torn  or  otherwise  irritated,  and  the  motor  area  again 
stimulated  with  the  r^ame  strength  of  current,  the  contractions 
will  be  much  less  in  height,  and  the  latent  perio*i  will  be  much 
longer.     This,  of  cour^o.  \»  uuthin^  more  than   an  instance  of 
somewhat  ordinary  inhibition.     Bul/m  certain  stAgee  of  the  in- 
fluence of  morphia,  the  following    remarkable  result  makes  its 
j  appearance.     If  a  subiuiiiimal  sliiu  "^i^^^*  ^  found — that  i»,a  cur- 

1  rent  of  such  intensity  that  applieA     ^^  *■  TO"U>r  area,  \t  wiW  pro- 

^^       duce  no  movement,  but  if  increasc^*^*^'*^*  ***  »V^R^V\y  w\U  k'^vc  a.j 
^H       feeble  contraction  of  the  appropriate  jiVft>4sa(:8— a  may  \>eoV*aervw 
■       that  a  siighl  stimulus,  such  as  gent.  -'^'^ ^J?!:^^^  T^l  "V^^  *"''"  ^^ 

^H    connected  wiUi  tbe  \U\:\t^^  ^"t  ^^'^  '^ 
^H  stimulus  be  applied  \m  tW  fttew-  *■>- 
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tive  applications,  a  gentle  Htroke  or  two  over  the  ekin  of  the  paw 
will  lead  to  the  paw  heiug  Jitted  the  next  time  the  stimulus  is 
applied  to  the  area.  On  the  other  hand,  in  certain  other  stages 
of  the  influence  of  morphia,  the  convolutions  and  the  rest  of  the 
nervous  sv'Hlern  are  in  such  a  condition  thai  the  application  of 
even  a  moiuoniary  stimulus  to  an  area  leads  to  a  loug-coutinued 
tonic  contraction  of  the  appropriate  muscles.  Under  these  cir- 
cumstances, n  gentle  stimulus,  such  as  stroking  the  skin,  or  blow- 
ing on  the  face,  applier]  Immediately  af^r  the  tippliaititm  of  the 
electric  stimulus  to  the  area,  suddenly  cuts  shorts  the  contraction, 
and  brings  the  muscles  at  once  to  rest  and  normal  fiaccidity. 
Thus,  according  to  the  condition  of  the  central  nervous  system 
( anfl  in  these  instances  the  effect  appears  to  be  dependent  largely 
though  not  wholly  on  the  condition  of  the  cereljral  cortex)  the 
same  kind  of  stimulus,  and,  indeed,  we  might  almost  say  the 
same  stimulus,  will  lead  now  to  exaltation,  now  Ut  inhibition  of  a 
nervous  action.  We  must  not  dwell  on  these  matters  any  further, 
though  we  might  pniot  out  the  interesting  even  if  partial  light 
which  they  throw  on  the  phen«imeiia  known  as  Hypnotism.  We 
have  introduced  them  chiefly  to  emphasize  the  view  that  the 
nervous  system  is  not  to  be  considered  as  a  collection  of  isolate*! 
organs,  each  fulfilling  its  functions  independently  of  itu  fellow, 
but  as  a  large  machine,  integrated  into  a  whole,  the  constituent 
parts  of  which  are  in  almost  all  its  actioos  acting  and  reacting  (m 
each  other  in  various  ways.  80  much  so  does  thi*  appear  to  be 
the  case,  that  the  secimdary  iufluences,  otlen  of  the  kind  called 
inhibitory,  of  outlying  parts  prove  as  important  to  the  due  function 
of  any  particular  structure  as  its  own  more  direct  action. 


Sec.  4. — The  Fi:nction8  of  Other  Parts  op  the  Brain, 

If  the  views  just  expressed  are  true,  then  it  is  clear  that  the 
proper  method  to  stuJy  the  brain  is  to  trace  out  a  cerebral  op- 
eration along  its  chain  of  events  rather  than  to  seek  to  attach 
readily  definable  fuuclious  to  the  cerebral  anatomical  compo- 
nents. 

We  may,  therefore,  be  permitted  to  sumtaarize  very  briefly 
what  can  be  fairly  placed  unrter  this  hoaiiing. 

Corpora  SlrUita  and  Optic  Thalaml. — These  two  bodies,  often 
spoken  of  as  "  the  basal  ganglia/'  are  undoubtedly  the  great 
mcaDB  of  communication  between  the  cerebral  hemispheres  on 
the  one  hand,  and  the  crura  cerebri  on  the  other.  Though  aom«. 
flbres  appear  to  pass  from  the  crura  by  or  thtf^w^  vV^  ^"ws^vft.  v^ 
the  cerebral  convolutions  without  Vte\ng  c(>tvuftc\jai\  mOtv ^^^^ "Ck^^^^ 
oelis  of  thoee  ganglia,  the  great  maaa  o£  \\ve  ^eAM'tt«iv\ft.'t  \itaw» 
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are  itrobably  cunDected  with  the  superficial  gray  matter  of 
hemispheros  in  an  imlireci  niaoner  only,  the  lower  or  anterior 
fibres  (crusta)  passing  first  into  the  corpora  etriala,  and  the  upper 
or  posterior  fibres  \teffinentitm)  into  the  optic  thulanii,  This  ana- 
tomical disposition  would  lead  us  Ut  suppose  thai  these  bodies 
have  iniportanl  functions  in  mediating  between  the  [>6ychica] 
operations  of  the  cerebral  convolutions  on  the  one  hand,  and  the 
sensori- motor  machinery  of  the  middle  and  hind  brain  on  the 
other;  and  the  separate  courses  taken  by  the  peduncular  fibres 
would  further  lead  us  to  expect  that  the  functions  of  the  corpora 
striata  dlHer  fundamentally  from  those  of  the  optic  thalami. 

When  in  the  human  subject  a  lesion  occurs  involving  both 
these  bodies,  on  one  side  of  the  brain,  the  result  ia  a  loss  of  sen- 
sation in,  and  voluntary  power  over,  the  opposite  aide  of  the  body 
and  face,  a  so-called  hemiplegia,  which  may  be  absolutely  com- 
plete without  any  impairment  whatever  of  the  intellectual  facul- 
ties. The  will  and  the  psychical  power  to  receive  impressions 
are  present  in  their  entirety,  but  neither  etferent  nor  atlerent  im- 
pul^'S  can  make  their  way  to  or  from  the  peri[iheral  organs  and 
the  cerebral  convolutions.  The  injury  to  the  baaal  ganglia 
blocks  the  way.  In  the  great  majority  of  cases,  the  anaeatbesia 
(or  loss  of  sensation )  and  akinesia  tor  loss  of  movement)  are  ab- 
solutely confined  to  the  opposite  side  of  the  body  ;  and  the  cases 
in  which  a  lesion  of  the  basal  ganglia  of  one  side  of  the  brain 
afiects  the  same  side  oi  the  body  or  both  sides,  must  be  regarded 
as  exceptional,  and  explicable  as  the  results  of  the  action  of  one 
side  of  the  brain  on  the  other  side  either  of  the  brain  or  of  some 
region  of  the  cerebrospinal  axis.  The  results  of  experiments 
on  animals  agree  tniirely  with  the  general  experience  of  paih- 
ologibls,  that  lesions  of  tije  corpora  striata  and  optic  thalami  pro- 
duce their  efiecis  on  the  ci|)posite8ide  of  the  b«>dy.  Whatever  be 
the  view  taken  concerning  the  decugsatiim  of  sensory  and  motor 
impuli^es  in  the  spinal  cord  (see  p.  70o),  it  must  he  admitted  that 
both  kinds  of  impulses  cross  over  completely  somewhere  during 
their  transmission  to  and  from  the  basal  ganglia  and  the  periph- 
eral organs. 

When,  however,  we  have  admitted  that  these  bixlies  act,  aa  it 
were,  tlie  part  of  middlemen  between  the  cerebral  convolutions 
and  the  rest  of  the  brain,  we  have  gone  almoet  «a  far  as  facts 
will  support  us.  We  are  not  at  present  in  a  position  to  state 
dogmatically  what  is  the  nature  of  the  mediation  which  eithet 
body  respectively  etfects.  A  very  tempting  hypothesis  it  one 
which  suggests  that  the  coriHtta  striata  are  concerned  in  the 
downward  transmission  and  elaboration  of  efferent  volitional  im- 
pulaeSf  and  the  optic  tV\a\attu  Vu  a.  avmVWt  w^ward  transmission 
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and  elaboration  of  afierent  sensory  impulses ;  and  there  are  many 
facte  which  may  be  urged  iu  favor  of  thia  view. 

The  evidence  in  this  matter  nHorded  by  patholojc^  is,  perhaps, 
the  most  coDsisteut,  but  not  wholly  so.  A  number  of  cases  may 
be  cited  to  ^how  not  only  that  lesions  of  a  corpus  striatum  may 
be  accompanied  by  akinesia  without  anaisthesia,  but  that  lesions 
of  an  optic  thulaniua  may  cause  auiestheHia  without  actual 
akinesia — that  is,  without  any  further  interference  with  the  exe- 
cution of  voluntary  movements  than  is  occasioned  by  the  loes  of 
the  coordinating  sensations.  Of  these  two  classes  of  caaos,  the 
latter  is  the  more  valuable,  since  all  clinical  experience  shows 
that  any  lesion  more  readily  interferes  with  volitional  move- 
ments than  with  the  reception  of  sensory  impressions.  Gonvul- 
eioua  are  not  common  when  the  lesions  are  confined  to  these 
bodies;  but  when  witnessed  they  can  generally  be  referred  to  the 
corpora  striata  rather  than  to  the  optic  thalami ;  like  the  paral- 
ysis, the  convulsions  are  generally  limited  to  the  opposite  side  of 
the  body,  though  feeble  movements  may  occasionally  be  seen  on 
the  same  side  as  well.  But  it  would  be  dangerous  to  trust  too 
much  to  evidence  of  this  kind;  for  numerous  cases  have  been 
recorded  where  an  injury  apparently  confined  to  one  corpus 
striatum  has  had  as  part  of  its  results  ana-sthesia  of  the  opposite 
side  of  the  body ;  and  others  where  disease  apparently  confined 
to  an  optic  thalamus  has  caused  loes  of  movement  as  well  as  of 
aensatiou. 

The  evidence  obtained  by  means  of  experiments  on  animals  is 
■till  more  discordant.  Stjme  oliservers  have  found  that  stimula- 
tion, either  mechanical  or  electrical,  of  the  corpora  striata  gives 
rise  to  convulsive  movements,  while  stimulation  of  the  optic 
thalami  does  not ;  aod  have  seen  in  these  results  a  confirmation 
of  the  view  we  arc  discussing.     Huch  a  coufirmatif>n  is,  at  best, 

feeble  one,  anfl,  moreover,  is  not  supported  by  the  results  of  all 
vers.  Some  observers  again  have  found  that  removal  or 
ruction  by  the  injection  of  cornisive  Bubetancea,  of  both 
nuclei  leuticulares  (the  extra-ventricular  portions  of  the  corpora 
striata)  lends  to  a  suppression  of  voluntary  movements  almost  as 
complete  as  if  both  hemispheres  were  removed,  whereas  after  re- 
moval or  destruction  of  both  nuclei  caudati  (intra-ventricular 
portions  of  the  same  bodies)  voluntary  movements  still  persist; 
and  it  has  been  affirmed  that  the  removal  or  destruction  of  the 
optic  thalami  may  with  care  be  effected  without  the  animal  ap- 
pearing any  the  worse.  In  the  absence  of  more  exact  knowledge, 
It  is  useless  to  attempt  to  form  any  clear  judgment;  and  the 
view  we  stated  above  as  to  the  motor  functioua  s^Il  vW  i^tit^feYa. 
striata  and  sensory  functions  of  the  opl\c  v\\ti\a\n\  wvb.^  \i^t■«i^^^A^^ 
to  stand  as  oeitber  definitely  disproved  uor  ft&\Aat\c\ftT\V5  v*«^^^^ 
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and  an  in  aoy  case  affordiu^  an  inadeijuRto  expression  of  the  r 
played  by  these  masses  in  the  general  wurk  of  the  brain.  1 
points  we  may  venture  to  call  attention  to,  which,  as  far  as  they 
go,  may  be  used  as  arguments  in  support  of  the  above  view. 
Almost  all  observera  agree  that  al\er  injuries  to  the  corpora 
striata,  more  particularly  after  one-sided  or  after  partial  injuries, 
and  especially  atler  injuries  of  the  nuclei  caudati,  forced  move- 
meuU,  Buch  as  those  of  which  we  spoke  on  p.  ISfy,  are  very  apt 
to  make  their  appearance.  With  regard  to  the  optic  thalami,  on 
the  other  hand,  there  is  an  agreement  both  of  elEperimental  and 
pathological  evidence  in  favor  of  the  view  (which,  as  the  very 
name  of  the  bodies  shows,  is  an  old  one)  that  these  structuree 
art%  in  some  way  or  other,  concerne<l  in  vision.  Where  the  optic 
thalami  are  directly  involved  in  an  injury  to  or  disease  of  the 
brain,  blindness,  or,  at  least,  some  imperfection  of  vision  is  a 
frequent  result ;  and  there  are  reasons  for  thinking  that  io  some. 
at  all  events,  of  the  cases  where  bliudoess  has  resulted  from  re- 
moval of  the  cerebral  cortex  of  the  hinder  part  of  the  hemi- 
spheres, the  optic  thalami  have  been  either  directly  or  sec- 
ondarily affected. 

Oorjtor^i  Qufidrtgemina. — We  have  already  seen  that  the  centre 
of  coijrdination  for  the  tiiovemeuts  of  the  eyeballs  (p.  639),  and 
that  for  the  contraction  of  the  pupil  (p.  593),  lie  in  the  oeigh- 
borhood  of  the  upper  or  anterior  ]>air  of  the  corpora  quadn- 
geminn.  These  two  centres  are  associated  together  in  such  a 
way  that  when  the  eyeballs  are  voluntarily  directed  inwards  and 
downwards,  as  for  near  vision,  the  pupils  are  nt  the  $anie  time 
contracted;  and  when  the  eyeballs  are  directe<l  upwards,  and 
return  to  parallelism,  the  pupils  are  dilated  to  a  corresfiondiug 
extent;  when  both  eyeballs  are  move<l  together  sideways  the 
pupils  remain  unchanged.  We  have  seen  Cp-  ^^^)  ^^^t  the 
various  movements  of  the  eyeballs  may  be  brought  about  by 
direct  stimulation  of  particular  parts  of  the  anterior  corpora 
quadrigemina.and  are  then  also  accompanied  by  the  appropriate 
changes  in  the  pupils.  The  association  therefijre  of  the  move- 
ments of  the  pupil  and  of  the  ocular  muscles  is  not  simply 
pitychic-al  in  nature,  but  is  dependent  on  the  close  connection  of 
their  respective  centres.  From  the  fact  of  the  movement*  of  the 
eyeball  and  pupil  being  so  readily  and  variously  exctt«<l  by 
stimulation  of  the  anterior  corjxira  quadrigemina,  it  has  been 
inferred  that  the  centres  for  these  movements  lie  iu  those  ho<iieR; 
it  would  appear,  however,  that  what  may  be  callc<l  the  real  or 
immediate  centres  of  these  niovements  lie  beneath  (he  corp«»ni 
^uadrigemiua.  in  the  front  ^latl  of  the  floor  of  ihr  aqueduct  «»f 
Sylvius,  and  therefore  are  nWecVfc^V  \\i  i^  \w^\toa  tnaa&er  only 
when  the  corpora  quadftgemVnflk  m^  ^xwaxA^-ueA. 
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wae  long  ago  observed  that  unilateral  extirpation  of  the 
corpora  (juaHrigeniiua  in  manunals  or  of  ifae  optic  lobes  in  birds 
produced  blindness  in  the  oppi^ite  eye;  and  the  same  result  has 
been  gained  by  many  Bub(te(|uent  observers.  We  have  seen  more- 
over that  both  frogs,  birds,  and  ruanimais  continue  to  receive  and 
within  limits  to  react  upon  visual  impressions  arter  the  t4>tal  re- 
moval of  the  cerebral  liemispberee.  From  theee  facta  we  infer 
that  visual  sensory  impulses  become  transformed  into  visual  sen- 
sations in  the  corpora  ijuadrigemina;  or,  in  other  words,  that 
these  nervous  structures  are  centres  of  sight.  But  they  are  so  in 
a  limited  sense  only.  We  have  seen  that  destruction  or  injury  of 
the  cerebral  hemispheres  profoundly  affecls  vision;  even  admit- 
ting th»t  in  such  cases  the  results  may  be  in  part  at  least  due  to 
coueoraitant  failures  in  the  optic  thalami,  we  may  still  venture 
to  say  that  in  the  ubscnce  of  the  cerebral  convolutions,  a  crude 
vision,  devoid  of  distinct  visual  perceptions,  is  probably  all  that 

possible.  The  processes  constituting  distinct  and  perfect  vision, 
in  fact,  begin  in  the  retina,  are  partially  elaborated  in  the  cor- 
pora quadrigemina,  and  further  developed  in  the  optic  thalami, 
but  do  not  become  perfected  until  the  cerebral  convolutions  have 
been  called  into  operation.  Anatomical  considerations  lead  us 
to  suppose  that  the  anterior  pair  of  the  corpora  quudrigeroina 
are  alone  connected  with  the  optic  tract,  and  so  with  the  external 
corpus  geuiculatum  and  optic  thalamus.  Hence,  we  may  infer 
that  it  is  the  anterior  pair  alone  which  are  thus  concerned  in 
vision,  and  that  the  posterior  pair  have  some  other  function. 

In  those  animals  (er.ffr.,  rabbits)  in  whioh  unilateral  destruc- 
Ition  of  the  corpora  quadrigemina  entails  blindness  of  the  opposite 
eye,  and  yet  doea  not  affect  at  ail  the  visual  sensory  impulses, 
originating  in  the  eye  of  the  same  side,  it  is  obvious  that  com- 
plete decussation  of  the  sensory  impulses  must  take  place  before 
the  centre  is  reached.  The  question,  however,  whether  the  de- 
cussation of  fibres  (and  consequently  of  imptdses)  in  the  optic 
chiasma  is  complete  or  incomplete,  whether  the  optic  tract  of 
one  side  is  the  continuation  ot  the  tibres  in  the  optic  nerve  of 
the  opposite  side  exclusively,  or  whether  it  is  composed  of  repre- 
sentatives of  the  optic  nerves  of  both  sides,  is  one  which  has 
been  much  debated,  both  from  an  anatomical  and  a  physiological 
standpoint.  In  the  case  of  mammals  the  evidence  goes  to  show 
that  in  some  kinds  of  animals  (rabbits)  the  decussation  is  com- 
plete, but  in  others  (dogs)  more  or  less  incomplete.  In  man  a 
peculiar  atfeclion  of  vision,  which  may  be  spoken  of  under  the 
general  name  of  hemiopia,  is  a  frequent  svmptom  of  diseases  of 
the  brain.  In  thia  affection  portions  of  tKe  ^fcVvV  o^  nSs\«^  ^"^»fe 
wanting;  thus,  a  patient  sotnetimea  can  ae^  liovVVa^vti'Ccv^c.Tv'i^^ 
half  or  the  upper  half  of  the  fields  of  viwou  oi  WScv  «i-^ca*A^^^^" 
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mg  at  a  niaD  <ir  a  lutiiite  he  ran  ouly  see  half  the  object,  the  left 
half  or  the  lower  half  ais  the  case  may  be.  Ilemiopia  of  bt>th 
eyes  has  he<'n  olwcrve  I  in  cjlsos  in  which  disease  was  apparcutlr 
limited  to  one  side  of  the  brain  ;  and  these  cases,  added  to  other 
evidence,  lead  to  the  conclusion  that  in  man  the  decuaBalion  is 
incomplete. 

Many  observers  have  noticed  thai  injury  or  removal  of  the 
oorp4)ra  quadrigernina  on  one  side  frequently  caused  forced  move- 
ments, and  that  removal  of  the  whole  mass  led  to  great  want  of 
coordination.  Thei*e  results  are  quite  in  harmony  with  the  fact 
mentioued  above  (p.  725)  concerning  the  coordinating  functions  of 
the  optic  lobea  in  frogs.  Bui  at  present  we  have  no  exact  knowl- 
edge coucerniog  the  nature  of  the  ccKirdination,  and  what  rela- 
tions are  borne  io  this  respect  by  the  corpora  quadrigeraioa  to 
the  crrebellum,  crura  cerebri,  and  pons  Varolii. 

Various  observers  have  witnessed  as  the  result  of  stimulation 
of  the  corpora  quadrigemina  movements  of  the  several  parts  of 
the  alimentary  canal,  and  of  the  urinary  bladder,  changes  in 
blood-pressure,  and  alterations  in  the  working  of  the  respiratory 
mechanism,  indicating  that  these  bodies  have  a  special  connec- 
tion with  the  centres  (in  the  medulla  oblongata  and  spinal  oord 
reapectively )  concerned  in  carrying  on  these  movements. 

Cti'fhellum. — We  have  already  referred  to  the  cerebellum  aa 
being  probably  concerned  in  the  coordination  of  movements.  It 
was  long  ago  observed  that  when  a  small  portion  of  the  cere- 
bellum was  removed  from  a  pigeon,  the  animal's  gait  became 
unsteady;  when  larger  portions  were  taken  away  its  raovemenia 
became  much  more  di8t»rderly,  and  when  the  whole  of  the  organ 
was  removed  nn  almost  total  loss  of  coordination  supervened. 
When  the  jwrtion  removed  was  small,  the  disorderly  movements 
which  at  6rst  ap[>eared  eventually  vanished,  but  when  a  large 
portion  was  removed  the  I<:»6S  of  coordination  became  permajient. 
Hutwetiuently  observers  have  obtained  similar  results  in  other 
auimals;  and  it  has  in  general  been  found  that  lateral  or  unsym- 
metrical  lesions  and  incisions  produce  a  greater  efiect  than  those 
which  are  median  or  symmetrical.  Section  of  the  middle 
peduncle  on  one  side  almost  invariably  gives  rise  to  a  forced 
movement,  the  animal  rolling  rapidly  round  its  own  hmgitudinsl 
axis;  tlie  rotJilion  is  generally  though  not  always  titwardi  the 
side  o|>eratcd  on;  an*!  is  accompame<i  by  nystagmus — i",  r,  by 
peculiar  rolling  movements  of  the  eyes  suggestive  of  vertigo; 
fre<iuently  one  eye  is  moved  in  one  direction — <-x.  yr..  inwards 
and  downwards,  and  the  other  in  a  diHerent  or  opptisitc  dirrr- 
tion — e~x.  jrr.,  outwards  and  upwards.  As  we  have  already  said, 
the  permanent  eff'ects  which  follow  u|>on  injury  to  the  M^micir- 
ciihir  canalSf  have  been  attributed  by  some  to  secondary  mischief 
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being  set  up  in  the  cerebellum.  The  clinical  evidence  is  dis- 
cordant, for  though  unbteadinesi}  of  gait  hag  been  frequently 
wituesBed  in  caaes  of  cerebellar  diseaw,  many  histories  have  been 
recorded  iu  which  extensive  disease,  amonnling  at  limes  to  almost 
complete  deKtrucliou,  uf  the  cerebellum  lias  existed  without  any 
obvious  disturbance  of  ihe  coordination  of  movements.  Still  the 
experimental  evidence  is  so  strong,  that  we  must  consider  the 
cerebellum  as  un  important  organ  of  coordination,  though  we 
are  unable  at  present  to  define  ita  functions  more  exactly. 

In  this  connection  we  may  ubeerve  that  the  history  of  the  de- 
velopment of  the  spinal  cord  (see  p.  703)  tends  to  connect  a 
definite  portion  of  the  lateral  columns  of  the  spinal  cord  witli 
the  cerebellum  ;  hut  the  meaning  of  this  c(mnection  is  obscure. 

Attempts  have  been  made  to  connect  the  cerebellum  with  the 
sexual  I'ucctions;  but  there  is  no  satisfactory  evidence  of  any 
such  relation.  As  we  shall  see  later  on,  the  nervous  centres  c*m- 
nected  with  the  sexual  and  generative  organs  are  seated,  in  the 
case  of  dogs  at  least  and  probably  of  all  animals,  in  the  lumbar 
spinal  cord;  and  all  or  nearly  all  sexual  phenomena  may  be 
witnessed  in  animals,  in  which  tlic  Itiinhar  spinal  cord  has  been 
isolated  by  section  from  the  rest  of  the  cerebrospinal  system, 
fialvanic  stimulation  of  the  cerebellum  produces  no  change  in 
the  generative  organs,  and  when  ei*ection  of  the  penis  is  caused 
by  emotions,  the  tract  cimuecting  the  cerebral  convolutions  with 
the  erection  centre  in  the  spinal  cord  must  be  supposed  to  pass 
straight  along  the  crura  cerebri  and  medulla,  for  it  has  been  ob- 
served that  stimulation  of  these  parts  in  the  dog  will  produce 
erection. 

Crura  Certbrl  and  Potis  Varolii. — Though  from  the  gray 
matter,  abundant  in  both  the^e  urgans,  we  may  infer  that  they 
possess  important  functions,  we  hardly  know  more  ctmcerning 
them  than  that  the  former  serve  aa  the  great  meant!  of  eommuni- 
calion  between  the  spinal  cord  and  the  higher  parts  of  the  brain, 
and  that  both  are  intimately  connected  with  the  corirdiuation  of 
movements,  since  either  forced  or  disorderly  movements  are  the 
frequent  results  of  section  of  either  of  them  ;  and,  as  we  have 
seen,  the  ptjaseasion  of  those  parts,  in  the  absence  of  the  cerebral 
hemispheres,  and  even  of  the  corpora  striata  and  optic  thalami, 
is  sufliclent  to  carry  out  the  moat  complex  bodily  movements. 

Since  the  paralysis  of  the  face  seen  in  caaes  of  hemiplegia  from 
disease  of  one  corpus  striatum,  is  on  the  same  side  as  that  of  the 
limbs,  it  follows  that  the  impulses  proceeding  along  the  cranial 
nerves  crufis  over  like  those  of  the  spinal  nerve*;  and  when  the 
nucleus  of  origin  of  such  a  nerve  us  the  facial  is  stimulated  un 
one  side,  the  movements  which  result  are  on  the  opposite  side. 
Hence,  when  paralysis  of  the  face  occurs  on  the  Q^^^\\ftix^«.N» 
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ihat  of  the  bmly,  it  may  he  luferreH  that  the  injury  or  dUease 
has  affected  the  cruniul  uerve  (or  iiervee)  in  a  part  of  ita  oourve 
before  decussation  hae  taken  place :  and  pathological  obeerra- 
tions  support  this  view,  unilateral  diaeaae  or  injury  of  the  pons 
Varolii  not  infrequently  involving  the  facial  nerve  of  the  same 
Bide  in  ita  comparatively  superficial  course  before  decussation 
has  taken  place,  and  sn  causing  paralysis  of  the  muscles  of  the 
same  Hide  of  the  face  aa  the  disease,  an<l  the  oppitsite  side  to  the 
paralyeis  of  the  limbs.  It  is  probable  that  the  decuBsation  which 
we  have  seen  to  take  place  partly  in  the  spinal  cord,  is  gradually 
completed  as  the  impulses  pass  through  the  medulla  and  pons 
Varolii.  There  doen  not  appear  to  be  adequate  support  for  the 
view  of  those  who  maintain  that  volitional  impulses  cross  sud- 
denly and  completely  at  the  decussation  of  the  pyramids. 

Medulla  Oblongafn — We  have  so  often  spoken  of  this  link  be- 
tween the  brain  and  the  spinal  cord,  that  it  is  hardly  necessary 
here  to  do  more  than  recall  the  fact,  that  the  majority  of  the 
"centres"  fi>r  various  organic  functions  are  situated  in  it. 

These  we  may  brielly  recapitulate  as  follows:  The  respiratory 
centre  with  its  neighboring  convulsive  centre.  The  vaso-motor 
centre.  The  cardio-iiihlbitory  (centre.  The  diabetic  centre,  or 
centre  for  the  productiitn  of  artificial  diabetes.  The  centre  for 
deglutition.  The  centre  for  the  movements  of  the  wsophagus 
and  stonmch,  with  its  allied  vomiting  centre.  The  centre  for 
reflex  excitntinu  of  the  secretion  of  the  saliva,  with  which  may 
be  associated  the  centre  through  which  the  vagus  influences  the 
secretion  of  pancreatic  juice,  and  possibly  of  the  other  digestive 
juices.  ' 

In  the  frog,  us  we  have  urged,  p.  724,  the  medulla  is  undoubt- 
edly largely  concerned  in  the  coordination  of  movements,  and  it 
is  exceedingly  probable  that  in  the  mammal  also  a  considerable 
portion  of  work  of  this  kind  falls  to  its  lot. 


Sect.  6. — On  the  Rapidity  of  Cerebral  OpERATiojfft. 


We  have  already  seen  (p.  698)  that  a  considerable  time  Is 
taken  up  in  a  purely  reflex  act,  such  as  that  of  winking,  though 
this  is  perhaps  the  mctst  rapid  form  of  reflex  movement.  When 
the  movement  which  is  executed  in  response  to  a  stimulus  in- 
volves mental  oftcrations  a  still  longer  time  is  ueede<l ;  and  the 
interval  between  the  application  of  the  stimulus  and  the  com- 
mencement of  the  muscular  coutraction  varies  according  to  Uw 
nature  of  the  menial  labor  involved. 

The  simplest  ca^e  is  that  in  which  a  person  makes  a  signal 
immedtAtely  that  he  perceives  a  stimulus — e.  y.,  closes  or  opens  a 
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galvanic  circuit  the  moment  that  he  feels  nn  induction  shock 
applied  to  the  skio,  or  eee«  a  Bash  of  light,  or  hears  a  sound.  By 
arrangements  similar  to  those  employed  iu  meaauring  the  velocity 
of  nervous  impulses,  the  moment  of  the  application  of  the  stimu- 
lus and  the  moment  of  the  making  of  the  aiguul  are  both  recorded 
on  the  same  travellingeurface,  and  the  interval  between  them  is 
carefully  mea«ured.  This  interval,  which  has  been  called  "the 
reaction  period,"  consists  of  three  portions:  (1)  ihe  passage  of 
afferent  inipulsjea  from  the  |>eripheral  sensory  organ  to  the  cen- 
tral nervous  system,  including  the  pospible  latent  period  of  the 
generation  of  the  impulses  in  the  sensory  organ  ;  (2)  the  trans* 
formation,  by  the  operations  of  the  central  nervous  system,  of 
the  afferent  into  efferent  impulses;  and  (3 1  the  passage  of  the 
efferent  impulses  to  the  muscles,  inclutling  the  latent  period  of 
the  miiHcnIar  contractions.  If  the  time  required  for  the  first 
and  third  of  these  events  be  deducted  from  the  whole,  the  "  re- 
duced reaction  i>eriod,**  as  it  may  be  called^  givts  the  time  taken 
up  exclusively  by  the  operations  going  on  in  the  central  nervous 
system. 

The  reaction  jieriod,  both  reduced  and  unreduced,  varies  ac- 
cording to  the  nature  and  disposition  of  the  peripheral  organs 
stimulated.  The  reaction  period  of  vision  lias  long  been  known 
to  astronomers.  It  was  early  found  that  when  two  observers 
were  watching  the  appearance  of  the  e&me  star,  a  contiiderable 
discrepancy  existed  between  their  reepective  reaction  perio<ls; 
and  that  the  ditlerence,  forming  tlie  basis  of  the  8<t-called  "per- 
sonal e)|uiition,"  varied  from  time  to  time  according  to  the 
persona)  conditions  of  the  observers. 

In  general  it  may  be  said  that  tactile  sensations  produced  by 
the  stimulus  of  an  electric  shock  applied  to  the  skin,  are  followed 
by  a  shorter  reaction  period  than  are  auditory  sensations,  while 
the  period  of  these  is  iu  turn  shorter  than  that  of  visual  sensa- 
tions produced  by  luminous  objects  ;  on  the  other  hand,  the 
shortest  period  of  all  is  that  of  visiml  sensationti  produced  by 
direct  electrical  stimulation  of  the  retina.  Koiighly  9[>eaking, 
we  may  say  that  the  reaction  period  of  physiological  time  is  for 
feeling  --th,  for  hearing  ,^th,  and  for  sight  Jlh  of  a  second.  But 
even  with  the  same  stimulus,  the  reaction  period  will  vary  ac- 
cording to  circumstances,  such  as  the  time  of  year,  weather,  etc., 
and  according  to  the  condition  of  the  individual,  previous  practice, 
fatigue,  and  the  like. 

The  calculations  involved  in  "reducing"  the  reaction  period 
are  obviously  open  to  much  error;  iu  general,  the  reduced  re- 
action period  may  be  said  to  be  less  than  -j^th  of  a  second,  that 
is  to  say,  an  lutelitgent  person  takes  about  this  time  to  perc^vH^. 
and  to  will. 
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The  reaction  period  juec  giren  bcluigs  in  neea  «ber«  a  sin^e 
stimulas  is  used,  and  all  thnt  the  pemm  experimeDted  oo  hn»  to 
do  is  to  perceive  the  Blimulut,  and  to  make  an  efitirt  in  accord- 
ance. If,  hovever*  the  sitinuliis,  instead  of  being  applied  to  a 
part  of  the  body  Jeterniiued  by  previous  arraogeia«Dt«  as,  for 
instance,  to  the  leli  foot,  were  applied  either  u*  the  left  or  the 
right  foot,  without  the  person  being  told  which  it  was  to  he,  and 
it  was  arrangeii  that  be  should  make  a  signal  when  i'  u(^ 

but  not  when  the  right  foot  was  stimulated,  addili>;  ual 

exertions  would  be  necessary;  and  it  is  found  tbat  in  »uch  a  caae 
the  reaction  period  \»  considerably  prolonged.  The  difference 
between  a  simple  reaction  period,  and  one  in  which  a  mental 
decision  has  to  be  carried  out  before  the  voluntary  effort  to  make 
the  signal  is  initiated,  gives  the  time  ret^uired  for  a  person  to 
"  make  up  his  niiud"  in  accordance  with  the  nature  of  the  senaa- 
tino  which  he  receives;  this  is  found  to  be^  roughly  speaking, 
from  ^th  to  ^i^th  of  a  second. 


8bc-  6— Thk  Circulatiox  ik  tiie  Brain. 

The  supply  of  blood  to  the  brain  seems  at  first  sight  not  to 
correspond  to  the  importance  of  this  the  chief  organ  of  the  body. 
In  the  rabbit  it  would  appear  that  not  much  more  than  one  per 
cent,  of  the  total  quantity  of  the  bl<x>d  of  the  budy  is  present  at 
any  one  time  in  the  brain,  a  quantity  dislinctty  lees  than  that 
which  is  found  in  the  kidneys;  aud  of  the  total  aeight  of  the 
organ,  the  weight  of  blood  in  the  brain  at  any  one  time  amounts 
to  about  five  per  cent.,  being  about  the  same  as  in  the  muscles, 
whereas  in  the  kidney  it  amounts  to  nearly  twelve  per  cent.,  and 
in  the  liver  to  as  much  as  nearly  thirty  per  cent.  Making  every 
allowance  for  the  relative  small  size  and  functional  importitnce 
of  the  rnhbit's  brain,  the  bl(K>d-8upply  of  even  the  huraan  brain 
must  alill  be  small.  In  other  words,  the  metabolieru  uf  the 
brain-9ubfttance  is  of  importance,  not  so  mnch  on  acci^unt  of  its 
quantity  as  of  its  B}>ecial  qualities. 

We  have  seen  i  p.  VM ),  in  speaking  of  respiration,  that  whea 
the  brain  is  ex[K)sed,  the  quantity  of  bloix)  iu  the  brain,  and  so 
the  total  volume  of  the  brain,  rises  aud  falU,  in  a  conspicuooa 
manner,  with  the  respiratory  movements.  And  nbaervations  by 
the  plethysmographic  method,  a  [M>rtioo  of  the  skull  being  re- 
move4l  for  the  purpf«e,  or  advantage  being  taken  of  a  natural 
deficiency,  have  shciwn  the  existence  of  more  rapidly  rcpeatMl 
movemenif,  of  a  swelling  and  shrinking  synchntui'us  with  and 
due  to  the  beats  of  the  heart,  as  well  a«  of  variations,  lari^r  and 
slower  than  the  respiratory  undulations,  and  brought  about  by 
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various  causes,  such  as  the  positioD  of  the  hearl  in  relation  to  the 
trunk,  movements  of  the  limbs,  tiiodiHcatious  of  the  respiratory 
movemeuta,  and  apparently  phases  of  activity  of  the  brain  Itself, 
as  in  waking  and  sleeping. 

In  ctMtiiin  respects  the  circulation  in  the  brain  is  peculiar. 
The  skull  forms  a  fairly  complete  inextensible  envelope,  pre- 
senting a  strong  contract  to  the  extensible  elastic*  capsules  which 
invest  such  organs  as  the  spleen  and  kidney.  As  a  consequence 
of  this,  when  nt  any  time  an  extra  quantity  of  blood  is  sent  from 
the  heart  to  the  brain,  room  must  be  made  for  it  by  the  increased 
exit  of  the  fluids  already  present.  For  any  pressure  on  the 
brain-substance  beyond  a  certain  limit  is  injurious  to  its  welfare 
and  activity,  as  is  seen  in  certain  maladies,  where  blood  passing 
by  rupture  of  the  bloodvessels  out  of  its  normal  channels  re- 
maiuii  eHused  on  the  surface  of  the  brain  or  elsewhere,  and  thus 
taking  up  the  room  of  the  proper  brain-substance  leads,  by 
*'compres8iun/'  as  it  is  called,  lo  paralysis,  loss  of  consciousness, 
or  death.  Wiiliin  the  limits  of  the  normal  cerebral  circulation, 
the  characteristic  venous  sinuses  serve  to  regulate  the  internal 
pressure;  they  form  temporary  reservoirs  from  which  a  com- 
paratively large  quantity  of  blood  can  bo  rapidly  discharged 
from  the  cranium,  the  flow  from  the  sinuses  being  greatly  assisted 
by  the  inspiratory  movements  of  the  chest. 

The  arterial  supply  of  the  braiu,  as  a  whole,  is  undoubtedly 
regulated  by  vaso-motitr  nerves,  and  in  all  prid>rtbilily  the 
special  distribution  of  blood  to  the  various  parts  of  the  brain  is 
determined  by  the  same  agents.  When  the  head  is  suddenly 
shifYe<l  from  the  erect  to  a  hanging  position,  there  must  be  a 
tendency  for  the  blow!  to  accumulate  in  the  cranial  cavity,  and, 
conversely,  when  the  head  is  suddenly  shifted  from  a  hanging  to 
an  erect  position,  there  must  be  a  tendency  for  the  supply  of 
blooil  within  the  cranium  to  bo  for  a  while  less  than  normal. 
Kither  change  of  position,  and  (■spfcially,  fwrbaps,  the  latter, 
would  thus  lead  to  cerebral  dtsttirbances  which  would  in  ourselves 
be  revealed  by  afifectiouH  of  our  conaciou?ne*»8.  That  a  perfectly 
healthy,  and  especially  young,  organism  whose  vnso-motor 
mechanisms  are  at  once  effective  and  ilelicatelv  responsive,  can 
pass  swiftly  from  one  position  of  the  head  t(t  the  other  with(UJt 
inconvenience,  whereas  those  in  whom  the  vaso-motor  mechan- 
isms by  age  or  otherwise  have  become  imperfert  are  giddy  when 
they  attempt  such  rapid  changes,  is  in  itself  adequate  evidence 
of  the  im|>ortauce  of  the  vasomotor  arrangements  of  the  brain. 
_£ut  our  information  concerning  this  matter  is  at  present  of  a 
vague  and  general  character.  As  yet  we  have  no  detailed 
knowledge,  and  are  especially  ignorant  as  to  how  far  r\^q\».V 
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pwrta  of  the  brain  are  supplied  writli  independent  raso-motor 
mechanisms. 

Many  writers  have  insisted  on  the  mecbauical  importance  of 
the  cerebro-spinal  tluid.  By  the  foramen  of  Majeodio  at  the 
apex  of  the  roof  of  the  fourth  ventricle,  the  Huid  within  the 
various  ventricular  cavities  of  the  brain  is  cc'ntinuous  with  the 
fluid  in  tht!  suharachnuid  labyriuth  of  the  spinal  cord.  And  it 
has  been  arguetl  that  when  an  extra  quantity  of  blood  is  driven 
into  the  fikull,  Uie  transference  of  a  eurrespouding  quantity  of 
cerebrospinal  duid  through  the  foramen  of  Majendie,  from  the 
cranium  into  the  spinal  canal,  the  walls  of  nhich  are  leas  rigidly 
complete,  preveutji  any  injurious  intracranial  compreeaion.  Ex- 
perimental evidence,  however,  as  far  as  it  goes,  does  not  lend 
any  very  great  supjNirt  to  this  view ;  and  though  removal  of  the 
fluid  by  aspiration  is  said  lo  lead  lo  hemorrhage  from  the  pia 
mater  and  to  various  nervous  disorders,  the  value  of  the  cerebro- 
spinal fluid  depends  in  all  probability  more  on  its  physiological 
Sroperties  as  Ivmph,  than  on  its  mechanical  properties  as  a  mere 
uid. 


SBa  7. — The  Ckjvxial  Nekveb. 

Though  we  have  incidentally  dwelt  on  the  functions  of  all 
these  nerves,  it  may  be  as  well  to  recapitulate  them  somewhat 
briefly,  giving  at  the  same  time  a  very  general  outline  of  their 
physiological  anatomy. 

1.  Olfactory  I  Nerve  of  Smell). — [The  olfactory  tracts  are  pro- 
longations of  the  cerebral  substance.  According  to  the  observa- 
tions of  Henle  aud  Meynert,  each  tract  arises  in  a  tuheroalar 
eminence,  which  is  situated  in  the  posterior  inferior  ixirtion  of 
the  anterior  cerebral  lobe,  internal  to  and  connected  with  the 
island  of  Keil.  These  eminences  are  called  the  "optic  tubercles." 
and  are  connected  with  each  other  bv  ctimminurai  flbrea.  The 
olfactory  tracts  are  composed  of  both  white  and  gray  matter; 
the  former  occupies  the  inferior  and  lateral  portions.  Kach  tract 
(Fig,  213)  terminates  in  an  oblong  ganglion,  which  is  catletl  the 
olfactory  bulb.  The  bulb  rests  upon  the  cribriform  plate  •)f  the 
ethmoid  bone,  and  in  this  position  gives  ntf  the  nervous  filaments 
which  ctmslitute  what  are,  strictiv  gjjeaking,  the  true  olfactory 
nerves.  The  distribution  of  thtae'nerves  has  been  referred  lo  in 
previous  pages.] 

2.  Optic  (Nerve  of  Sight).— [The  optic  tracte  arise  from  the 
corpora  «|uadriaeinma  and  gwiiculata  and  the  optic  ihalami. 
The  hbres  have  been  traced  to  the  crura  cerebri,  and  the  anterior 
portion  of  the  tloor  of  the  aqueduct  of  Sylvitis.     The  opUc  tracU 
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;.  229)  ruu  forward  beneath  the  cerebrum,  and  when  tbev 
h  the  olivary  |)rocesfl  of  the  sphenoid  bone  unite  to  form  the 
optic  commissure  or  chiasm.     The  optic  nerves  arise  from  the 
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anterior  part  of  the  commissure,  enter  the  orbit  through  the  optic 
foramina,  pierce  the  external  cnats  of  the  eyeball,  and  become 
expanded  to  form  the  retinae. 

Witldn  the  commissure  the  fibres  of  the  optic  tract  pursue 
divergent  courses.  Some  of  the  fibres  decussate  ;  others  continue 
to  the  retina  on  the  same  side ;  others  cross  over  lo  the  opposite 
side  and  return  to  the  optic  thalamus,  and  thus  form  inter- 
cerebral  or  conimihsural  fibres  between  the  optic  thalanii ;  other 
fibres  (inler-retinal)  probably  ruu  through  one  optic  nerve  acrosa 
to  the  other  between  the  retina*.] 

3.  Oculomotor. — [The  oculo-motor  nerves  arise  from  the  crura 
cerebri  immediately  anterior  to  the  pons  Varolii  (Fig.  2*20 ).  The 
fibres  nf  eadi  nf-rvo  have  their  deep  origin  in  a  gray  nucleus  in 
the  fio<fr  of  the  aqueduct  of  Sylvius.  This  nucleus  is  continuous 
with  the  tiudeus  in  which  the  root  of  the  fourth  nerve  origiuat-es. 
and  is,  therefore,  oflen  spolcen  of  as  the  common  nucleus  of  the 
two  nerves.  Each  nucleus  is  connected  with  the  opposite  side  of 
the  brain  by  fibres  which  paas  through  the  corpus  striatum  of 
the  opposite  side,  and  decussate  beneath  the  floor  of  the  aqueduct 
of  Sylvius.  Home  of  the  fibres  from  the  corpora  striatum  prob- 
ably remain  on  the  same  side  without  decussating. 

From  ita  superficial  point  of  origin  this  nerve  paeees  along  tbe 
cavernous  sinus,  receiving  some  sensory  filaments  from  the  fifth. 
It  enters  the  orbit  through  the  sphenoidal  fissure  (Fig.  239).] 

Motor  nerve  to  the  levator  palpebrjc  superioris  and  all  the 
muscleri  of  the  eye,  except  the  obliquus  superior  and  the  rectus 
externuH.  Kfterent  nerve  for  the  contraction  of  the  pupil  and 
for  the  muscles  of  accommodation.  Hence,  when  the  nerve  is 
divi<led  or  otherwise  paralyzed,  tbe  up[>er  eyelid  falls  (ptosis); 
the  eye,  which  is  turned  outwards,  is  capable  of  partial  move- 
mcnti  only,  viz.,  such  as  can  be  pro<luced  by  the  rectus  externus 
and  obliquus  superior;  when  the  head  is  moved,  the  eye  movea 
with  it,  the  inferior  oblique  not  being  able  to  exftftwNjfc  nJc^s.  ^"wa.*^ 
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oompensatiug  movementB  of  the  eyeball ;  the  pupil  is  dilated, 
and  the  eye  canuot  accommodate  for  near  distances.  The  root 
of  the  DCTve  abowa  recurreDt  eeojiibilityf  due  to  fibres  from  the 
fifths  but  is  othermse  a  purely  motor  nerve. 


[Pio.  239. 


^'^ 


Tni  Xeivm  or  tbb  Uwut  ioss  nmn  nut  i^ctu  Siu. 
1,  an-tUm  iif  tlw  fruuUJ  bune ;  ImmediRtel;  U*hiad  the  tmniBAl  it  the  fh>iit4l 
la  frvul,  Uiu  intcftiiu«i)t ;  *j;  tb*  M|«rkir  iMuctlliu'v  Utaa^  Um  ikSwd  in  fhjal  uf  tk*  mMHvl 
totkriifiii  \U*r  mmxiiUry  rinii» ;  1,  |«m  vf  ttiv  «plivoo<4  Ikjwi;  4,  thv  Irvviur  p«l|wtini  %^ 
— periur  nvtiu  niwclni;  \  ttun  «itpvr1ur  utjlli|ur  muKla;  %  tbc  lnfrri<w  tjlitl^wi  wvElt : 
T,  Kbe  ocular  tuUrof  th«  cxtoruiU  ncHu  niiwrle  itrBHii  fttrwdt;  !^  the  utUlal  half  of  fW 
•xianwl  nctOB  taiiMlv  mriK-l  )l)*wii«u\ii.  i^u  tbl«  mtuclv  tb«  wixth  ovrve  k»  man  AvMkiig 
ImEq  ttf%aclit»;  9,  the  inferior  rvctui  miude.  10,  the  u^rfir  ui*rt»;  11,  ll»o  latvriHt  emrutH 
artijrx  muer^n^  trom  tbo  etTomoiu  vlDtu ;  IZ,  Ui**  ■•pUlliAlBU<'  artefy ;  13,  tb*  thini  n-rr* ; 
14,  the  hnnrh  of  the  thfrd  ncrrp  to  ih<>  ioferiur  t>(iUt|ue  niiMie  Bitweca  thW  «m4  tbr  Mifli 
■H-rve  iS)  1*  «><>o  tho  bnuirh  wlilcii  ■u|^>(lae  Uw  inferior  raeta^  Me  hiBodi  bi  tW 
tpuipfiw  U  iDm  |tnc«e>lins  frviii  the  ujf;^  side  of  tke  trvnk  of  th*  tMgrm,  U IW 
the  urbit ;  16,  tb«  fourth  ncm- :  10,  tli*<  tntuK  uf  Ibe  ftftli  Hen* ;  17,  itie  Qmmm 
lA,  Uivu(>hthalinii;  norvH;  lU,  tlu' »at>*-rik>r  iUHUlUryiM>m;  99,  the  Inferior  aulUkry 
Ihr  rn>uul  nerve  ;  '££,  Itn  divtalon  Intu  hntiM-hi^  to  niji-ly  the  iDtAffiitD^iil  uf  the 
th>  lacfar^uul  tterve;  £i,  ilia  n*Ml  lii-rto,  llir  auall  brrrv  •rvft  In  thv  blfurrvdu  of  Ite 
U  •lid  fniutal  nenre  la  one  uf  tlio  l-niD.-hcs  of  thi>  uiiprr  ttirWIua  tif  tba  thtrd  itignm  ;  t&^  |W 
noM]  nerre  ft^fiagoyvr  ti*f  iDt«Tuai  nvtii»mu«cln  t»tlic  AaierMr  MhnoMil  fiinmao  ,  m;  iIm 
Infta-ipxiklear  perre;  27,  a  lou^  tilUi/  ImiKb  uf  ihv  twywl,  umliMr  Imis  OUarj  W«m4 
la  weo  |iroc«edl>s  fkum  lb*  1u««r  ui>r<i  uf  ibr  uon*  i  w,  Ibe  kiaf  not  oT  Um  v^M^rfai* 
gmajrUoo,  prooeedlnx  from  the  oaaU  n>TT«,  and  rwvlTfuc  Oh>  iTaqwcbMlr  nvC,  «iUek}aCM 
it  at  an  M-nle  anarle  :  20,  the  iiiththalrair  puixllnn,  fdviiif  off  fhito  It*  tiwt%mri  tb»  ebon  cfl^ 
ary  nrrm;  M,  rhe  glttUi  trf  the  nyv.l 


4.  Trochlear  or  PtUketie. — [The  trochlearis  or  pathettcn*  Denr* 
18  the  amallest  of  all  the  cranial  nerves.  This  nerve  arisea  fron 
the  upper  surface  of  the  valve  of  Vicuddena,  behind  the  corpora 
(jufldrigemina  (Fig.  ^29).    The  larger  proportion  of  fibres  run 
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traasrersely  acrogs  the  valve  of  Vieussens,  and  decussate  with 
those  of  the  nerve  of  the  opptjsite  side ;  other  fibres  remain  on 
the  same  aide  as  the  nerve.  Tbe^e  fibres  have  Lheir  origin  in  a 
gray  nucleus  situated  in  the  tiiwr  of  the  aqueduct  of  Sylvius, 
immediately  l)ehind,  and  adjoining  the  nucleus  of  the  oculo-motor 
nerve;  and  also  in  a  nucleus  which  is  located  near  the  nucleus 
of  the  fifth  nerve  in  the  upper  part  of  the  floor  of  the  fourth 
ventricle.  It  passes  along  the  cavernous  sinus,  and  enters  the 
orbit  through  the  sphenoidal  fissure  (Fig.  239).] 

Motor  nerve  to  the  obllquus  superior.  When  the  nerve  is 
paralyzed,  no  marked  diHerence  is  observed  in  the  position  of  the 
eye,  but  the  patient  sees  double  when  he  attempts  to  look  straight 
forward  or  towards  the  paralyzed  side;  the  images,  however, 
coalesce  when  he  turns  his  head  to  the  sound  side.  When  the 
head  is  moved  from  side  to  side,  the  eye  moves  with  it,  the  usual 
compensating  movement  of  the  eye  which  accompanies  the  move- 
ments of  the  head  failing  in  consequence  of  the  superior  oblique 
not  acting.  It  is  a  purely  motor  nerve,  but  receives  recurrent 
fibres  from  the  fifth. 

5.  Triffemintti. — [The  fifth  or  trigeminus  is  the  largest  of  the 
cranial  nerves.  It  arises  from  the  side  of  the  pons  Varolii  (Fig. 
229)  by  two  roots,  which  are  separated  by  a  narrow  band  of 
fibres.  The  anterior  or  eraaller  root  is  motor;  the  piisierior  root 
is  sensory.  The  fibres  have  their  <Ieep  origin  priocipally  in  a 
gray  nucleus  in  the  extreme  side  of  the  fioor  of  the  fourth  ven- 
tricle, anil  immediately  behind  the  nuclei  of  the  ocnlo-motoriua 
and  paLhelicus  nerves.  Some  of  the  fibres  terminate  in  the 
nuclei  or  decustiate  with  those  of  the  opposite  side;  others  have 
been  lrace<l  through  the  superior  peduncle  of  the  cerebellum  of 
the  same  sida  Lo  the  lubercula  quadrigeniina.  These  nerves  run 
forwards  from  their  siii>erficial  point  of  origin  to  the  (Jaeserian 
ganglion  (Fig.  2-10),  which  rests  on  the  petrous  portion  of  the 
temiM)ral  bone.  At  this  point  the  sensory  root  spreads  out  in  the 
ganglion  ;  but  the  motor  root  passes  by,  forming  no  connection 
with  it.  The  sensory  fibres  pass  through  the  ganglion,  being 
reinforced  by  fibres  from  the  ganglionic  cells,  and  form  three 
branches  or  trunks:  the  ophthalmic,  superior  maxillary,  and 
inferior  maxillary.  The  two  former  are  sensory ;  the  latter  is 
joined  by  the  motor  root,  and  is,  therefore,  both  sensory  and 
motor.  The  ophthalmic  branch  enters  the  orbit  through  the 
sphenoidal  fissure.  The  superior  maxillary  passes  through  the 
foramen  rotundum  into  thespheiio-maxillary  fossa,  where  it  sends 
off*  a  tract  to  the  sphenopalatine  ganglion,  tlien  passes  through 
a  groove  in  the  fioor  of  the  orbit,  and  emerges  at  the  infra-orbital 
foramen.     The  inferior  maxillary  division  passes  through  the 


CRANIAL    NERVES 


Trophic  (?)  fibres  to  eye,  nose,  and  other   parta  of  the  face. 
Ktftirent  Rbrea  for  the  dilatiou  of  the  pupil. 

Afferent  Fibres.  General  nerve  of  sensation  of  the  skin  of 
head  and  face,  and  of  the  mucous  niembrnue  of  the  mouth,  except 
the  back  part  of  the  t<iDgue,  the  posterior  pilJars  of  the  fauces, 
and  a  hirge  part  of  tlie  pliatvux,  these  parts  being  supplied  by 
the  gh)ssophnryn(roal  and  vagus;  the  back  of  the  head  is  chiefly 
supplied  by  branches  from  the  cervical  nerves,  and  tho  external 
meatus  and  concha  are  supplied  chiefly  by  the  auricular  branch 
of  the  vagus.  Nerve  of  special  secae  of  taste  for  the  front  part 
of  the  ton^'ue. 

6.  Ahduceni*. — [The  abduceua  nerve  emerges  from  the  brain 
at  the  posterior  border  i>f  the  pons  V'arolii  {Fig.  '2'2Ih-  The 
fibres  have  their  principal  auurce  of  origin  in  a  gray  nucleus  in 
iht'  widest  jmrt  of  the  floor  of  the  fourth  ventricle  near  the 
median  line.  The  nerve,  after  emerging  from  the  brniu,  passes 
along  the  cavernous  siiuis,  where  it  receives  filaments  from  the 
sympathelic  and  sensory  filaments  from  the  ophthalmic  branch  of 
the  fifth.  It  then  passes  through  the  sphenoidal  fissure  to  the 
external  rectus  muscle  of  the  eye.] 

Motor  ueri'C  Ui  tht*  rectus  externus.  When  the  nerve  is  di- 
vided or  otherwise  paralyzed,  the  eye  is  turned  inwurds.  It 
probably  receives  recurrent  sensory  iibres  from  the  filth.  It  is 
also  joined  by  fibres  coming  from  the  cervical  sympathetic  ;  when 
this  latter  nerve  is  divided  in  the  neck,  the  action  of  the  muscle 
is  said  to  be  weakened. 

7.  Facial. — [The  facial  nerve  arises  from  the  groove  between 
the  olivary  and  restiform  bodies,  just  below  the  pons  Varolii 
(Fig.  2*29).  The  fihre.s  have  their  deep  origin  principally  in 
a  gray  nucleus  iu  llie  floor  of  the  fourth  ventricle,  which  is  a 
common  seat  of  origin  for  both  the  facial  and  ahducens  nerves. 
The  facial  fibres  arise  from  the  external  portion  of  the  nucleus, 
and  the  abducens  arises  J'roin  the  internal  portion,  so  that  they 
firm  a  sort  of  loop,  being  apparfintly  continuous  with  each  other 
througii  the  nucleus.  Some  of  the  fibres  extend  from  the  nucleus 
to  the  brain  on  the  same  side;  others  decussate  freely  in  the 
median  tine  with  fibres  coming  from  the  opposite  nucleus,  and 
run  to  the  nucleus  or  are  continued  up  to  the  braiu  on  the  oppo- 
site side  to  which  they  originated. 

The  facial  nerve,  after  it  emerges  from  the  brain,  passes  in 
company  with  the  auditory  nerve  into  the  internal  auditory 
meatus.  Then  leaving  the  auditory  nerve,  it  enters  the  aque- 
ductus  Faliopii  and  makes  its  exit  through  the  stylomastoid 
foramen.  It  then  spreads  out  l>etweeu  the  lobules  of  the  parotid 
gland,  iUs  branches  diverging  like  a  fan.  and  ts  distributed  ijci?^- 
cipalJy  to  the  muscles  of  the  face  (Fig,  24l)."\ 
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Motor  nerve  to  tbe  muscles  of  the  face ;  hence,  nerve  of  ex- 
pression. Supplies  also  stylohyoid,  posterior  belly  of  the  tW^- 
trie,  buccinator,  stapedius,  muscles  of  the  exteraal  ear,  platTi»nia, 
Bome  uiu8clefi  of  tbe  palate,  viz.,  tbe  levator  palati  and  proLttblv 
others.     Secretory  nerve  of  submaxillary   und    parotid  glund. 

[Fio.  241. 


TiiK  Uun-RJKI  HUH  or  tub  k'AtiAi.  NKu\r^   ahi<   nil    niif*<iM«  ••»   Ilik  C'ifttitUL  I'l 

I,  till?  ftwrlal  iier«t>,  McaplrttC  ftvm  the  ntylo-mwiiiW  fununvo,  mhI  ctuMlog  ihi*  r«niiu  ut  llt» 
lutvor  Jaw,  I)mi  |Mtn>lUI  (ttniKl  liiu  \v«ri  ronKivo>l  in  i<ri1i-r  ta  «li>tw  thn  m-rte  Rium  iU«Uiic4ljr  . 
X,  t)i«^  l>i««(»rl<ir  4tiiri<-u1ikr  Iimm-li,  tho  iliiputrlr  iirt'l  «tyl«-iitA.4t4-i<l  ninni*-iii»  ut>  *•(•«  atmr  lh» 
uriKill  <^  lltli  timii^lt  ;  :i,  Ipiiiiatnti  linmctiUM,  rftniniitiik-atiatf  with  [i  tli»  limnchti*  ..tf  tt>* 
frunUI  npn(4<;  :>,  farlal  Itmui-hi'n.  MinniMHilratlng  with  '(I)  t)t«  inrVa-urt'lUl  ttrrw  ;  7.  tarUi 
linuirhM,  roniiniintnaitiB  with  f)ihv  iliciiUU  rtcrvo ;  'J,  ■.<vti|t*>  Tai  ImI  bnirulH>%  v«>iDiniurt- 
CBtlDK  wltli  <  l(>)  IIm'  ftiiiwrflfUII*  iHilI)  nerve,  urtil  fimnliiK  a.  itli'Kii*  111  ovit  Ih^  «nhnMXllUr) 
kImi'I.  Th«  illMHlMtlliMi  itf  llic  Iii-Hlj' lim  uf  Ui<i  fiu  lul  Iti  k  nulml>-<l  ilirxi'll.iit  ••▼«?  lli»  alifct  U 
thf  Tm-c,  I'liiiHiltiiiiMt  tho  ]ictt  iinw<rlnit» :  th«>  HiirlculurlM  fiuiKiMm  iii-rw.  mui-  of  the  mtvoiUiic 
l>ntni-hM  uf  Iho  ivrvlru)  ph^xiiK  ;  M,  l)i«  tjivf|>lt«ll<i  tiilnoi,  iMr(tn<tiii|t  kIimix  iIia  ivalanrlaf 
Ikinh'r  of  tht?  ■t<-riii>-miiKtti4il  miif«-Ii! ;  It,  the  oUtN'rAiitil  an*l  ■t">-i>  <1<-9-(itiiti><  >f  tfav 

cwrrii'al  jilnxu*  ;   )\   the  a|'liiMl  MMi*««ir>'   rt<>n<',   K^vlni;  itfT  n  limtit  h  lurL  .,if« 

uf  thu  lra|irKhi>  iimw  I"     ]'\  ili><  iMiliiitnlU  nw^fd'  iii'ivi',  t1i«>  |«»r»tl<ir  I'T..-  .. 
carvlcal.) 


Receives  afferent,  possibly  efferent,  fibres  from  trigeiniiiutt  and 
also  from  vngus.  It  is  said  by  some  to  contain  vasomotor  tibret 
for  the  tnnpue  and  side  of  the  face.  The  effects  of  paralysis  of 
the  facial,  fri>m  the  inability  of  the  or!)icularifl  to  cKjsc  the  eye, 
the  drawing  of  tbe  face  to  the  sound  siile,  and  tbe  smoothueaa  of 
the  paralyzed  aide,  are  very  striking. 
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\.  AudUory  Nerve. — [The  auditory  nerve  arises  by  two  roolB 
from  the  posterior  median  fiiwiirf^  of  the  medulla  obloDgatn.  below 
the  lower  border  of  the  pons  Varolii,  t  Fig.  22^.)  In  the  floor 
of  the  fourth  venlriele,  below  its  wideeL  part,  are  a  number  of 
transverse  white  striie.  ( Fig.  231.)  These  are  the  fibres  of  the 
posterior  root,  which  arise  from  a  gray  nucleus  beneath  them, 
which  is  connected  with  the  white  8ub&iani»e  of  the  cerebellum. 
These  fibres  pass  outwards,  winding  around  ihc  restiform  body. 
The  deep  or  anterior  root  is  traced  to  the  borders  of  the  catanius 
Bcriptorius,  and  into  the  cerebellum  especially.  This  root  pusses 
inwards  around  the  restiform  body  to  meet  the  other  root,  and 
thus  embraces  thia  t)art  nf  the  medulla.  Some  of  the  fibres  de- 
cussate in  the  door  of  the  fourth  ventricle. 

This  nerve  accompanies  the  facial  into  the  internal  auditory 
meatus,  and  at  the  bottom  uf  it  divides  into  the  cochlear  and 
vestibular  branches,  which  supply  the  internal  ear.  The  coch- 
lear branch  is  distributed  to  the  cochlea  ;  the  vestibular  branch 
to  the  sacculi  and  semicircular  canals.  Within  the  meatus  the 
auditory  nerve  receives  several  filaments  from  the  facial.] 

Special  nerve  of  hearing;  afferent  nerve  for  impulses  other 
than  auditory  proceeding  from  the  semicircular  canals. 

I).  Gloi^no}thanjngf<tl. — [The  glossopharyngeal  nerve  arises  by 
four  or  live  bundles  of  fibres  frouj  the  upper  part  of  the  medulla 
oblongata,  posterior  to  the  olivary  body.  (Fig.  229.)  These 
fibres  have  their  deep  origin  in  a  nucleus,  which  is  situated  below 
and  beneath  the  nucleus  of  the  auditory  nerve.  Tlie  nucleus  of 
the  glosso-pharyngeal  is  a  continuation  of  the  same  series  of  cells 
which  give  origin  to  the  spinal  accessory  and  pneumogaslric 
nerves.  The  nerve  makes  its  exit  from  the  cranium  through  the 
jugular  foramen  in  company  with  the  pneu mogastric  and  spinal 
accessory  nerves.  In  its  patfsage  the  nerve  presents  two  ganglia 
on  its  trunk,  the  jmjuhr  and  petrosal .  From  the  petrosal  gan- 
glion fibres  arise  which  connect  the  nerve  with  the  pneumogastric, 
facial,  and  sympathetic  nerves.  It  sends  a  special  branch  to 
the  ear,  called  the  tympanic  branch.  It  divides  into  two  prin- 
cipal branches,  one  of  which  is  distributed  to  the  pharynx  and 
parts  immetliately  surrounding;  the  other  going  to  the  tongue. 
(Fig.  242.)] 

Motor  nerve  for  levator  palali,  azygoa  uvulae,  stylo-pharyn- 
geuSf  constrictor  faucium  medius ;  the  motor  functions  of  this 
nerve  have  been  disputed.  Special  nerve  of  tabLe  for  the  back 
of  the  tongue.  General  nerve  of  sensation  for  the  root  of  the 
tongue,  the  soft  palate,  the  pharynx  (being  here  aasociated  with 
the  vagus),  the  Eustachian  tube,  and  the  tympanum. 

10.  Pneumogaslric.  Fa<7w*. — [The  pneumogastric  nerve  arises 
by  ten  or  twelve  bundles  of  fibres  behind  the  olivary  body  ami 
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below  ihe  (wiot  of  origin  of  the  glosso-pharyngeal  nerve.  (Fig. 
220.)  These  fibres  have  their  deep  origin  in  a  gray  nncleuw, 
whit^h  is  aituftted  below  the  nucleus  of  the  gloeso-pharyugeal, 
with  its  upper  portion  projecting  soriiewhat  above  it.  The  nu- 
cleus is  exp(«e(l  in  the  door  of  the  ventricle.  The  fibres  proceed 
from  the  nucleus  downwards  and  outwards  through  the  medulla 
oblongata,  and  emerge  at  the  point  above  »itato.d.  It  makes  its 
exit  from  the  cranium  through  the  jugular  foramen.  Before  its 
exit  the  tniuk  presents  a  gaugliform  enlargement  (ganglion 
jugulare"),  through  which  it  receives  tibres  i'rom  the  spinal  acce§- 
Bory  (accessory  portion),  facial,  gloseo-pharyngeal,  and  sympa- 
thetic. After  its  exit  it  presents  a  second  enlargen>ent  (ganglion 
inferius),  through  which  it  is  connected  with  the  spinal  accessory 
(accessory  portion  \  hypogK>a8nl,  loop  of  the  first  and  second 
cervical,  and  sympathetic  nerves.] 

Efferent  Fibree.  Mni4jr  nerve  for  the  muscles  of  the  pharynx, 
for  the  movements  of  the  teaophagus,  of  the  stomach,  of  the 
intestines,  for  the  muscles  of  the  larynx,  possibly  for  the  plain 
muscular  fibres  of  the  trachea  and  bronchial  divisions.  Vaso- 
motor fibres  for  luugH.  Inhibitory  nerve  of  the  heart.  Trophic 
fibres  for  lungs  and  heart. 

Afferent  Fibres,  .Sensory  nerve  of  the  respiratory  passages, 
and  of  the  pharynx,  iv^ophagus,  and  stomach.  Afferent  nerve, 
augmenting  and  inhibiting,  of  the  respiratory  centre,  afferent 
inhibitory  nerve  (depressor  branch)  of  the  medullary  vaso-motor 
centre,  afferent  nerve  producing  salivary  secretion,  inhibiting 
pancreatic  secretion.  It  U  stated  that  in  the  rabbit  the  vagus 
may  Im*  easily  dissected  into  two  strands,  an  outer  one  containing 
the  afferent,  and  an  inner  one  containing  the  efferent  fibres. 

11.  Spinal  Acet'9sory. — [The  soinal  accessory  nerve  ariees  by 
eight  or  ten  filaments  fn)m  the  Iiiteral  tract  of  the  cord,  below 
the  i>oiut  of  orijjin  of  the  pneumogastric.  The  spinal  acceagory 
nerve  consists  of  two  portions,  the  <i<*ce»90iy  and  t^inal,  (Fig. 
229.)  The  accessory  portion  joins  the  pneumogastric  nerve,  n« 
has  been  previously  stated.  The  fibres  have  their  deep  origin  in 
a  gray  nucleus,  in  the  lower  part  of  the  medulla  and  upper  part 
of  the  spinal  cord,  which  is  continuous  above  with  the  nucleus  uf 
the  pneumogastric,  and  below  with  the  remains  of  the  anterior 
cornu.  The  nerve  makes  its  exit  from  the  cranium  through  the 
jugular  foramen.] 

Motor  nerve  to  the  sterno-mastuid  and  trapezius  musclen.  It 
receives  recurrent  sensory  fibres  from  the  cervical  nerves.  Part 
of  the  spinal  accessory  blends  with  the  pneumogastric.  and  the 
efferent  effects  (such  as  the  movements  of  the  larynx,  pharynx, 
etc.,  and  cardiac  inhibition)  of  the  united  trunk  seem  to  be 
largely  due  to  the  spinal  accessory  fibres  contained  in  them.     It 
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PmumrTioH  or  nil  I'MRiMixitirrnir  ur  Tuktii  I'aih  ur  Nbbvd  oir  mt  Liirr  Bipk. 

Aftvr  Ilmw-nrBLKBiid  Lbmciue. 
1,  llojMoriau  gKtiftllaii)  nf  nnt)  tiBTTM  ;  %  fntnruiil  tmrotM  urtMiy ;  It,  phnryiiKntl  l>i»nch  of 
pbirutiiogwtric :  4,  Kl^Mo-iifantTUtfoftl  Den?;  tt,  Itiigwit  Bono  (OHbi  ,  C,  ffiiliuU  kLVvMitry 
pem ;  7,  mttldle  n>tiNtrir1ur  of  phnryiix;  6,  latt^rual  Jugular  volti  <rut);  9,  lUjiorlur  Iikryti- 
gwU  utsTTo ;  In,  gatigllDii  of  trniik  nr  luinumivgUMtrii-*  nrrvr>;  11,  hypof^rmol  o«rrR  trut}  on 
hyoglaami:  12,  ditto  (cat),  comninulcsUDgirlUiciglitb  unl  Utit  oerrloU  nenr«i;  la^  uxtenwl 
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iarytttami  ttcrvo:  H,  focond  ceirkal  Di-rrc  lonpiug  with  ttnl ;  \6,  pharyttxc*!  pi 
InftrioreuQftricUir;  10,  miperior  ciTviml  gankCll^jti  »f  '>iu|iiitlMrtl<' :  IT.  ■niiH'riort'&nlliir  i 
nf  linaamupwtriL- ;  IK,  tUinl  rerrlml  nurrp  .  I'.i,  Uijn>lL|  btnl^r ;  'jii,  fuiiiliiiprrlialimi-Tr  ;  *El,l<n' 
rocQiTont  l&r7'ngt>al  Uirre  ,-  '£1,  ni^wtl  lu'cvamnty,  cottUQUDictttJufE  «l(h  rerriaU  r»rr««> ; 
£l,  traetiiM  ;  24,  mliltllu  cerriml  ttMU^IIuii  of  ^iii|inlUvlIc;  'J\  (iiliMU*  canllih'  uvrvr  (if  |««u- 
uuguatrlc;  tffi,  jitiretilc  twrre  (culj;  ■^,  Ion  nux>tiJ  urit^rj  leul);  2K,  ItiKbml  |4»a.tia : 
w.  phn>nto  ncrvu  (cnt> ;  M\  \ntt'rinr  rervlml  itn^itdlinti  of  <nrm|«thMUe ;  :tl.  imlnioiuLrY  |.iejtu<i 
i)f  piwiiniiifpulJ'U ;  ^  ttrcb  uf  llii>nKK-  aorta,  'Xt,  vr«i|iliH4{ml  ttl«xii« .  -H,  v«>ha  uj'gM 
«u|wrinr;  .'Li,  v«na  axygo*  tninor  ;  W,  ganglEiilml  ix>nl«»r  f>yin|Mlhfti(t  ] 

is  stated,  buwever,  that  diviaion  of  the  s|jinal  acceeeory  before  it 
joius  the  pneumogustric,  does  not  entirely  do  away  with  either 
swallowing  or  the  movementfi  of  the  larynx.  In  the  movementa 
of  the  (X'i^ophagua  and  stomach,  brought  about  by  the  vagus  act- 
ing as  an  efferent  nerve,  the  accessory  Hbres  seem  to  have  no 
share.  The  cardiac  inhibitory  fibres  seem  to  be  distinctly  of 
accesaorv  i>rigiu. 

12.  itypoglostal. — [The  hypoglossal  nerve  arises  by  twelve  or 
fifteen  bundles  from  the  groove  between  the  anterior  pyramid 
and  the  olivary  body,  in  a  line  corres|>ouding  U*  the  antero-lateral 
groove  in  the  c\>rd.  The  fibres  have  their  deep  origin  in  an 
elongated  gray  nucleus  ntuated  in  the  floor  of  the  fourth  ven- 
tricle at  \i&  inferior  part,  near  the  me<lian  line  and  internal  to 
the  nucleus  of  the  smnal  accessory,  pneuiuoga^tric,  and  glosso- 
pharyngeal nerves.  The  nerve  makes  its  exit  from  the  cranium 
thn^ugh  the  anterior  condyloid  foramen.] 

Motor  nerve  for  the  muscles  of  the  tongue,  and  for  all  the 
muscles  conuecte<I  with  the  hyoid  bone  except  the  digastric,  stylo- 
hyoid, mylohyoid,  und  middle  constrictor  of  the  pharynx;  it 
also  supplies  the  sternothyroid,  It  receives  sensory  fibres  from 
the  fifth  and  vagus,  and  is  also  connected  with  the  three  upper 
cervical  nerves  as  well  aA  with  the  sympathetic. 


CHAPTER  VII. 

SPECIAL  MUSCULAR  MECHANISMS. 

[The  Phyaiological  Anatomy  of  the  Larynx. 

The  larynx  is  a  mcmbraDo-curtilaginoiis  chamber^  Ivroader 
above  than  below,  and  situated  in  the  anterior  median  portion 
uf  the  neck.     It  cousiatti  of  a  number  of  cartilages,  which  are 

Fiu.  243. 


MkMAN  HkcTIOK  or  MotTIf,  NOflE,  PirAHTTIX,  Alll>  Lartnx 
•S  Mirftiiii  of  ti>iM>,  twiiiw  It,  K.i-liuri  t>r  hanl  iMtnte  ;  b,  Inni^iii ;  c,  nH.ilna  uf  velun  pvDdU' 
luiii  [wlnti ;  <i,  ri,  llpa;  h,  uvuIb.  r,  nrttfrk'r  anti  ur  |tlllnr  i4  riuin«:  i,  ptMtPi-lur  mtIi  : 
i;  i>  in-ai .  jt.  pburyiix :  /^  hyiyM  lajnci ,  k,  liiyrulil  t^  UUk*'  ;  «.  triculd  cnrtllAgr :  •,  e pisloltli : 
r,  g}^>ttt* :  1,  |MMti<rlur  i»|>e[ilnK  I'f  th<i  UKjvt>:  :i,  ifllimun  fAnrrlum;  4,  fufwrlur  o)M<ijln^  of 
Inrynx;  P>.  |maM^  liilo  'fMjjitii^ift :  fi,  inout)!  »f  rlglit  KiutM-hiaii  tut<«. 

articulated  with  eacb  other,  connected  by  ligaments,  moved  by 
a  number  of  muHcIef;,  and  lined  by  a  mucous  membrane. 

The  principal  cartilages  are  the  thyroid,  cricoid,  the  two  aryte- 
noid, and  the  epiglottia. 
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The  thyroid  cartilage  is  the  largest  and  consists  of  two  quatTn- 
lateral  plates  of  aUe,  which  are  continuoua  with  each  other  in 
front,  where  they  form  the  prominence  called  the  pomura  Adami. 
The  posterior  borders  of  the  thyroid  cartilage  serve  as  a  pirtint 
of  attachment  of  the  stylo-pharvn^us  and  palato-pharyngeus 
muscles.  The  upper  part  of  eacli  of  these  borders  terminates  in 
a  superior  curuu,  which  articulates  with  the  hyuid  bone;  the 
lower  portion  terminates  in  the  inferior  cornu,  which  articulates 
with  the  cricoid  cartilage.  The  upper  border  between  the  coruua 
IB  connected  with  the  hyoid  bone  by  the  thyro-hyoid  membrane. 
The  lower  border  is  connected  with  the  cricoid  cartilage  by  the 
thyro-cricoid  merahrnnc  at  the  median  line,  and  at  the  sides  by 
the  crico-thyroid  muscles. 

The  cricoid  cartilage  is  situated  below  the  thyroid  cartilage 
with  its  broad  portion  posteriorly.  At  the  upper  part  of  its 
broad  portion  are  two  smooth  surfaces  on  which  the  arytenoid 
cartilages  articulate. 

The  arytenoid  cartilages  are  pyramidal  in  form  and  articulate 
on  the  upper  surface  of  the  cricoid.  Each  cartilage  has  an  ex- 
ternal, posterior,  and  internal  (me<iiani  surface,  an  apex  and  a 
bofie.  The  apex  is  p<:>inled  backwards  and  inwards,  and  is  sur* 
mounted  by  a  pmall  cartilaginous  tubercle,  called  the  cartilage 
of  Santorini  (Fig.  246 l  The  base,  which  articulates  with  the 
cricoid  cartilage,  presents  at  its  external  internal  angle  a  projec- 
tion called  the  processus  vocalis.  At  the  posterior  inierDal  angle 
is  a  second  projection,  called  the  proces9us  mvticularis. 

The  superior  o|>ening  of  the  larynx  is  formed  anteriorly  bv 
the  epiglottis,  |)osteriorly  by  the  apices  of  the  arytenoid  carti- 
lages, and  laterally  by  the  aryteno-epighittidean  folds  stretching 
between  these  points.  The  inferior  opening  corresponds  to  the 
inferior  border  of  the  cricoid  carlihige.  Between  these  points  is 
the  cavHy  of  the  larynx,  which  has  .ntretching  acron  its  sides  the 
vocal  curds.  The  vocal  cords  consist  of  two  pairs:  the  su|>erior 
or  false  vocal  cords  arc  mcmbranrvlignnicntous  bands,  which  ex- 
lend  from  the  receding  angle  of  the  thyroid  to  the  externa]  sur- 
faces of  the  arytenoid  cartilages;  the  inferior  or  true  vocal  cords 
(chorda  voealeg)  are  membrano-ligaraeni<iU8  bands  which  stretch 
across  the  cavity  of  the  larynx  from  the  receding  angle  of  the 
thyroid  to  the  processus  vocales  of  the  arytenoid  cartilages.  Be- 
tween the  bonlere  of  the  true  and  false  vot^al  cords  is  an  elliptical 
opening,  the  ventricle^  which  leads  to  a  space  running  upwards 
and  behind  the  fa1}<e  vocal  cords,  called  the  taccMhui  hiryngi*. 
The  mucous  membrane  lining  this  sac  contains  a  great  number 
of  follicular  glands,  which  discharge  u  mucous  secretion  for  lh« 
purpoae  of  lubricating  the  true  vocal  conJs. 

Between  the  true  vocal  cords  is  an  opening  which  is  called  the 
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rima  glotUdis.     The  form  of  the  glottis  varies  very  much  both  in 

the  inspiratory  and  expiratory  acts,  and  in  the  act  of  phonation. 

The  muscles  of  the  larynx  are  divided  anatoniically  into  the 

intrinsic  and  extrinaic.     The  former  are  nine  in  number,  four  of 


Ftu.  244. 


Fio.  240, 


Fiti  244.— ^IcM  of  tl)t>  Lui^nK  atid  iMkTt  of  the  Tnrbuik  txom  tit-liinil,  with  lhi< 
UlNHuottHl.  A,  tliti  body  uf  tliti  h^Lftd  boQ«:  t,  uplicloUl* :  t,  Ibn  iKMtcHor  bordcniof  th«  Ihy- 
ivild  carttlAKu  ;  e,  tho  ineiliwii  rlctp<  of  the  niroltl ;  a,  uitpof  p»rt  of  ttin  nrytoooii] ;  •,  pUcM 
un  uun  ur  tlir  oMIqiJr  fuM-lrull  siX  tho  BTjlrDoId  milM>lp  ;  fr,  l^ft  pusTniior  rrlOHkryli^nitlil 
mnwlo ;  eiwb  of  lh«  ln<xtin|ilni«  cartllnciiMMU  rintus  of  tbc  lmr!li<«:  1,  Atrronn  ni^mbniiMS 
cruwlJiK  tbo  buck  uf  tlia  traclic* .  n,  miuMnilar  fibnn  tjxpM^I  Id  a  [nrt  (from  QikIii'b  AiMilWjf). 

Fta  245.— View  iif  llir  Utrj-iix  fruin  fthuTc.  1,  aimrlnrv  uf  fclottfa  ;  !£,  ttrytviMilJ  nrttlHgwi 
'1,  Tockl  oonJfl :  I,  iMMierlor  crlotiorytcttuM  mtuclu  -.  6,  Utcrtl  cfirnMryli'Uoltl  iimnie  of  rigfal 
•Ide,  tlul  uf  left  ■Hill?  n-iiuiTwl ;  fi,  aryU'wiil  niiuclo ;  7,  tliyroArylonold  miiHrIp  uf  Icfl  rid»», 
Uiat  uf  right  sldo  rvaioTcd ;  8,  tbyniJtl  ciLrtiLag«;  0,  crluHd  cortiUgi?;  13,  ^Mtirlor  crla»> 
UTtonnM  tlinunetit.  H'lth  the  neet^ktu  of  tbe  Arytenoid  lutiRla,  thU  illkKmm  u  %  oopf 
tnm  Mr.  Wtltli't  Airirr. 

Fio.  VH.— Viev  of  the  Vi>|K>r  Piut  of  tho  lArynx  M*Mtn  by  meuu  of  llic  l<aririi|to«i)pa  daring 
dia  Utt«nooeiof  »  Gnre  Sut«.  e,  «plffluttU;  i^  the  CArtiUgw  of  Suitorinl:  n,  w7t«s(M 
cvttlacH ;  ■■  t»>  of  ^<i  toBKiitt ;  fK,  the  |iaeter[ur  wall  of  the  pb«r7iix. 


them  being  in  pairs.  They  are  the  essential  muscles  concerned 
in  the  movementsof  the  aryteuiod  cartilages  and  chorda  vocales. 
Their  points  of  origin  and  insertion  are  referred  to  on  p.  776. 
The  extrinsic  muscles  connect  the  larynx  with  adjaceat  \i«.t\A^ 
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and  are  for  the  most  part  coocerned  in  the  elevation  and  depr 
siou  of  the  orgaD. 

The  laryux  is  lined  with  a  mucous  membrane  which  ia  con- 
tiuuous  above  with  that  lining  the  pharynx  and  mouth,  and 
below  with  that  lining  the  trachea.  Above  the  chorda  vocales 
it  ia  lined  with  pavement  epithelium,  excepting  at  the  lower 
anterior  portion,  where  it  ifi  ciliated  ;  below  the  chorda  vocalei 
the  epithelium  is  of  a  ciliated  columnar  variety.  The  mucooa 
membrane  contains  many  mucous  glands,  which  are  pretty  uni- 
formly distributetl;  they  are,  however,  very  abundant  in  the 
part  of  the  membrane  liuing  the  sacculus  laryngis.] 


Sec.  1. — ^Thk  Voice. 


A  blast  of  air,  driven  by  a  more  or  leas  prolonged  expiratory 
movement,  throws  into  vibrations  two  elastic  membranes — the 
chorda  vocales.  These  impart  their  vibrations  to  the  column  of 
air  above  them,  and  so  give  rise  to  the  sound  ^\hich  we  call  the 
voice.  Since  the  sound  is  geucrated  in  the  vocal  cords,  we  may 
speak  of  them  and  of  those  parts  of  the  larynx  which  decidedly 
affect  their  condition  as  constituting  the  essential  vocal  apparatus; 
while  the  chamber  above  the  vocal  cords,  comprising  the  ventri- 
cles of  the  larynx  with  the  false  vocal  cords,  the  pharynx  and 
the  cavity  of  the  mouth,  the  latter  varying  much  in  form,  con- 
stitute a  subsidiary  apparatus  of  the  nature  of  a  reeonance-tube, 
modifying  the  sound  originating  in  the  vocal  cords.  In  the 
voice,  as  in  other  sounds,  we  distinguish:  (1)  Loudness.  This 
depends  on  tlie  strength  of  the  expiratory  blast.  (2;  Pitch.  This 
depends  on  the  length  and  teiision  of  the  vocal  cords.  Their 
length  may  be  regarded  as  constant,  or  varying  only  with  age. 
It  conseijuently  determines  the  range  only  of  the  voice,  and  not 
the  particular  note  given  out  at  any  one  time.  The  shrill  voice 
of  the  child  is  determined  by  the  shortness  of  the  cortls  in  infancy*, 
and  the  voices  of  a  soprano,  tenor,  and  baritone  are  all  dependent 
on  the  respective  lengths  of  their  vocal  cords.  Their  tenm<m  is, 
on  the  contrary,  variable ;  and  the  chief  problems  connected  with 
the  voice  refer  to  variations  in  the  tension  of  the  vocal  cords. 
(3)  Quality.  This  depends  on  the  nuuiber  and  character  of  the 
overtones  accompanying  any  fundamental  nute  sounded,  and  is 
determined  by  a  variety  of  circumstances,  chief  among  which  ia 
the  physical  quality  of  the  cords. 

Tne  vocal  cords,  attached  in  front  to  the  thyroid  cartilage,  end 
behind  in  the  processus  vocalea  of  the  arytenoid  cartilagce. 
Hence,  a  distinction  has  been  drawn  between  the  rima  vocalia — 
i»  9,,  the  opening  bounded  laterally  by  the  vocal  oorda,  and  the 
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rima  respiratoria,  or  space  between  tlie  arytenoid  cartilages 
behind  the  processus  vocales ;  these  namest  however,  are  d<H  free 
from  objectious.  In  quiet  breathing  (Fig.  247,  B),  the  two  form 
together  a  V-shaped  space,  which,  as  we  have  seen  (p.  391),  in 


Fio  li47. 


Tat  l«Asnrx  m  cnif  st  Hxam»  or  tjik  LAttVMooiooM  t«  Ihyrnuarr  OgjimTioini  ur  tux 

OLurriit.     rrtitn  Qnnlu's  Amttttimtt,  ani^r  rxaiiMAK. 

/I,  wlUle  «iut^D(«higb  Utitn :  U,  in  qitiut  bnmlljlii;';  tl,  ilurtDii;  li  ilfHit'  iiuplnitiun.  Tlia 
con<M|M>i)<llnK  lUaKnufuoullu  figvrw^',  8',  (f,  lUufltniU<  tlic  I'LangM  liii^jvitluu  <'f  ilic  aryt^K 
uulJ  cnrllUgra,  umI  Uic  Tumi  of  tha  rlnu  roralli  and  tldia  n»plnklori«  lu  Uic  abuvir  Ihrua 
coiwUtiotu. 

1^  Uiv  ^mm  at  thft  Ujitjititt ;  «,  tbn  iipi>«r  fVve  [nrt  <jr  tli<<  r^ili^luttbt ;  /  tlio  ttiberrle  or  cmhltiti 
uf  ilio  ntiiijlolUs ;  pk,  part  of  tbe  aatrritir  nnll  of  the  )<lxnryDX  bi'lund  Ibn  Utrjrnx ;  ir,  nvtnllltig 
ill  tho  arytei»o-a|>l({l»ttli]uRti  fold  oiummI  by  tha  outila^e  uf  WrJ^lwrg;  •»  6W«I11D){  ouimi)  by 
Ibo  du-tlluKu  iif  Saulorlul :  u,  tlie  iiimtiilt  uf  tlio  nQU'imld  carUtu^u ;  cv,  Uiv  truu  TijuU 
OlinU ;  <:i'',  Ihtt  fiUw  Ttieal  vunls :  fr,  tlio  tnu'hca  wltli  iti  riogi :  b,  Uio  tiro  linmclil  at  tlieir 
ouDUuencfJUoDt. 

deep  inspiration  is  widened  into  a  rhomboidal  opening  by  the 
divergence  of  the  processus  vocales  (Fig.  247,  C).  When  a  note 
is  about  tu  bo  uttered,  the  vocal  curds  are  by  the  approxiuiation 
of  the  processus  vocales  brought  into  a  poaitio\i  "^^s-e^X^  Nja  <e»f3o- 
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Other,  and  the  whole  rima  is  narrowed  (Fig.  247,  A),  By  their 
parallelism,  aud  by  the  uarrowuess  of  the  lutcrval  between  them, 
the  cords  are  rendered  more  susceptible  of  being  thrown  into 
vibration  by  a  moderate  blast  of  air.  The  problems  we  have  to 
consider  nre,  first,  by  what  means  are  the  cords  brought  near  to 
each  other  or  <lrawn  asunder  as  occasion  demands  ;  aDd>  secondly, 
by  what  means  is  the  tension  of  the  conla  made  to  vary.  We 
may  speak  of  these  two  actions  as  narrowing  or  widening  of  the 
glottis,  and  tightening  or  relaxation  of  the  vocal  cords. 

Narrowing  of  the  GioitU. — The  change  of  form  of  the  glottis  is 
best  uudcrstofxl  when  it  is  borne  in  miud  that  each  arytenoid 
cartilage  ia,  when  seen  in  horizontal  section  (Fig.  247),  8(^»mewhat 
of  the  form  of  a  triangle,  with  an  internal  or  median,  an  external, 
and  a  posterior  side,  the  processus  vocalis  being  placed  in  U»e 
anterior  angle  at  the  junction  of  the  median  and  external  sides. 
When  tbc  cartilages  are  so  placed  that  the  processus  vocales  are 
apprc»xi mated  to  each  other,  and  the  internal  surfaces  of  the 
cartilages  nearly  parallel,  the  glottis  is  narrowed.  When,  on  the 
contrary,  the  cartilages  are  wheeled  round  on  the  pivots  of  their 
articulations,  so  that  the  pnx^essus  vocales  diverge,  and  the 
intenial  surfaces  of  the  curtilages  form  nn  angle  with  each  other, 
the  glottis  is  widened. 

There  are  several  muscles  forming  together  a  group,  which  haa 
been  called  by  Heule,  the  sphincter  of  the  larynx.  These  are: 
(1)  the  ihyro-ary  epitflotiicus,  proceeding  from  the  inner  surface 
of  the  thyroid  cartilage,  and  from  the  arytenoid  epiglottidean 
ligament,  and  sweeping  round  the  outer  ridge  of  the  arytenoid 
cartilage  of  its  own  side  to  be  inserted  into  the  proceasus  mus- 
cularis  of  the  arytenoid  cartilage  of  the  other  side ;  (2)  the  fAyro- 
aryienoidem  externws,  passing  from  the  reentrant  angle  of  the 
thyroid  cartilage  to  be  inserted  into  the  outer  edge  of  the  aryte- 
noid cartilage  of  the  same  side;  {S)  the  thyro-arytenoidewi  ill tcmuM, 
passing  from  the  angle  of  the  thyroid  cartilage  to  the  prticeMUS 
vocalis  and  outer  side  of  the  arytenoitl  cartilage;  (4)  the  aryt&- 
noideug  (jiostuma)^  passing  transversely  from  one  arytenoid  CJUti- 
lage  to  another.  All  tliese  muscles,  when  they  act  together, 
grasp  round  the  glottis  and  tend  to  close  it  up ;  and  each  of 
them,  acting  alone,  has,  with  the  exception  of  the  last-name<l 
(arytenoideus),  the  same  effect.  In  addition  to  these,  the  crieo- 
aryicnoideM»  hieraflA^  which  passes  from  the  lateral  border  of  the 
cricoid  cartilage  upwards  and  backwards  to  the  outer  angle  of 
the  arytenoid,  hy  pulling  this  outer  angle  forwards  thruws  the 
prooeesuB  vocalis  inwards,  and  so  also  narrows  the  glottis. 

Widening  oftJie  GhtiU, — The  crico-artft^noideua  poaticim  [wss- 
ing  from  the  jx^lerior  surfiice  of  the  cricoid  cartilage  to  the 
outer  angle  of  the  arytenoid  cartilage  behind  the  attuclimeat  of 
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the  lateral  crico-aryteiioidcua,  pulls  back  this  outer  augle,  and 
BO  causing  the  procesauB  vocalia  to  move  outwards,  widens  the 
glottis.  The  arytenoideus  poetictu,  acting  aloDe,  has  a  similar 
effect. 

Tightening  of  the  Voeal  Cord*. — ^The  eruiO'thyroideus  pulls  the 
thyroid  downwards  and  furwards,  and  ao  increases  the  distance 
between  that  rartilage  and  the  arytenoids  when  the  latter  are 
fixed.  Supposing,  then,  the  aryteooideus  and  crico-arytenoideua 
posticus  to  tix  the  arytenoids,  the  effect  of  the  contraction  of  the 
crico-thyroicJeue  would  bo  to  tighten  I  he  vocal  cords. 

Slackening  of  Uic  Vocal  Cordin. — This  is  eflected  by  the  whole 
sphincter  group  just  mentioned,  but  mure  especially  by  the  Mr/ro- 
ary/enoiV/et  cx^ey^iiw  and  iniermn;  these  acting  alone,  supposing 
the  arytenoid  cartilages  to  be  tixed,  would  null  the  thyroid  car- 
tilage upwards  and  backwards,  and  so  snorten  the  distance 
between  the  proceseus  vocales  and  that  body. 

Thus,  almost  every  movement  of  the  larynx  is  effected  not  by 
one  muscle  only,  but  by  several,  or  at  least  by  more  than  une, 
acting  in  concert.  The  movements  which  give  rise  to  the  voice 
are  preeminently  combined  and  coonlinate  movements.  When 
we  rememl>er  how  a  very  slight  variation  in  the  tension  of  the 
vocal  cords  must  give  rise  to  a  marked  difference  in  the  pitch  of 
the  note  uttered,  aud  yet  what  a  multitude  of  fine  differences  of 
pitch  are  at  the  command  of  a  singer  of  even  moderate  ability,  it 
appears  exceedingly  pntbable  that  the  various  muscular  com- 
binations required  to  prwiuce  the  pnfssible  variations  in  pitch  are 
of  such  a  kind  that  frequently  a  part  only,  possibly  a  few  fibres 
only,  of  a  particular  mustle,  may  be  thrown  into  contraction, 
while  all  the  rest  of  the  muscle  remains  quiet.  Taking  into  view, 
moreover,  the  great  range  of  pitch  iKjesessed  by  even  common 
voices,  as  compared  with  the  pnAsible  variations  of  tension  of 
which  the  vocal  cords  in  their  nnlural  length  are  capable,  it  has 
been  suggested  that  some  of  the  fibres  of  the  thyro-aryteuoideus 
internus,  which,  passing  either  from  the  thyroid  or  from  the 
arytenoid,  appear  to  end  in  the  vocal  curds  themselves,  may,  by 
fixing  particular  points  of  the  cords,  so  to  speak,  "stop"  them  ; 
aud  by  thus  artificially  shortening  the  length  actually  thrown 
into  vibration,  produce  higher  notes  than  the  cords  in  their 
natural  length  are  capable  of  pro<lucing.  It  has  been  also  sug' 
gestetl  that  the  procensiis  vocalea  may  overlap  each  other,  and 
thereby  shorten  the  length  of  cord  available  for  vibration. 

These  various  muscles  are  supplied  by  the  vagus  nerve,  or 
rather  by  spinal  accessory  fibres  running  in  the  vagus  trunk. 
The  superior  laryngeal  is  the  afferent  nerve  supplying  the  mucous 
membrane,  hut  it  also  contains  the  motor  fibres  distributed  to  the 
crico-thvroid  muscle  ;  hence,  when  this  nerve  is  divKl^d^k  ww  vvci^ 
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aide  the  correHponding  vocal  cord  ie  relaxed  and  high  CMtee  be- 
come imposaible.  Ii  ii  worthy  of  notice  that  this,  the  chief 
tensor,  and  therefore  the  rooet  importaut.  muscle  of  the  larynx, 
has  a  separate  and  distinct  nervouR  Bujtply.  According  to  some 
authors,  the  arylenoidvus  posticus  alao  receives  its  nervouB  supply 
from  this  nerve;  hut  this  is  denied  hy  others. 

The  inferior  laryngeal  or  recurrent  branch  supplies  all  the 
other  musclei).  When  this  nerve  is  divided  the  voice  is  Inst,  since 
the  approximation  and  parallelism  of  the  vocal  cords  can  no 
longer  be  effected.  When  in  a  living  anininl  both  recurrent 
nerves  arc  divided,  the  glottis  is  seen  t«  become  immobile  and 
partially  dilated,  the  vocal  cords  assuming  the  position  in  which 
they  are  fuund  in  the  body  aiYcr  dcAtli,  and  which  may  be  con- 
sidered as  the  condition  oi  equilibrium  between  the  dilating  and 
constricting  muscles.  During  forcible  inspiration,  the  glottis 
passes  from  this  condiiion  in  the  direction  of  more  complete 
dilation  ;  during  forcible  expiration,  the  change  is  one  of  con- 
striction. When  the  peripheral  portion  of  one  recurrent  nerve 
is  stimulated,  the  vocal  cord  of  the  same  side  is  approximated  to 
the  middle  line;  when  both  nerves  are  stin)u1ated,  the  vocal 
cords  are  brought  together  and  the  glottis  is  narrowed.  Though 
the  nerve  is  distributed  to  both  dihitiug  and  ct'nstrictin^  mus- 
cles, the  latter  overcome  the  former  when  the  nerve  is  artificially 
8tiraulate<l.  In  the  complete  closure  of  the  glottis,  which  is  so 
importaut  a  part  of  the  act  of  coughing  ( p.  448),  the  group  of 
muscles  which  we  have  spoken  of  as  constituting  a  sphincter  is 
thrown  into  forcible  contractions  by  the  recurrent  laryngeal 
nerve.  • 

Though  fundamentally  a  voluntary  act,  the  utterance  of  a 
given  note  is  not  effected  by  the  direct  passage  of  simple  voli- 
tional impulses  down  to  the  laryngeal  muscles.  So  complex  and 
Cfvordinate  a  movement  iis  that  of  sounding  even  a  simple  and 
natural  note  requires  a  coordinating  nervous  mechanism  in  which, 
as  in  other  complex  muscular  actions,  afferent  impulses  play  an 
important  part.  Auditory  sensations,  if  not  as  important  for  an 
accurate  management  of  the  voice  as  are  visual  sensations  for  the 
movements  of  the  eye,  are  yet  of  prime  importAUce.  This  is 
recognized  when  we  say  that  such  and  such  a  one.  wbou  power 
over  his  laryngeal  muscles  is  imperfect,  "  has  no  ear.'* 

A  person  may  speak  or  sing  in  two  kinds  of  voioe.  In  the 
one  the  sounds  are  full  and  strong,  and  the  resonance  chamber 
which  is  supplied  hy  the  trachea,  bronchi,  and  iudt^ed  by  the 
whole  chest,  is  thrown  into  powerful  and  palpable  vibrations : 
hence  this  voice  is  spoken  of  as  the  chest-voice.  The  other  kind 
of  voice,  caller]  the  talsett*),  is  thin  and  poor,  deiils  chiefly  with 
high  Dot&j  and  is  not  accompanied  by  the  same  oonapicaoai 
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vibrations  of  the  cheat.  Much  coulroversy  has  taken  phice  as  to 
the  eiact  manner  in  which  these  two  voices  are  respectively  pro- 
duced. The  prevailing  opinion  teaclies  that  iu  the  chest-voice 
the  vocal  cords  are  suiuewhat  thick,  their  gubstance  being  thrust 
inward  towards  the  mt'iiiau  line  by  the  contraction  of  the  thyro- 
arytenoidei  exterui  rausclefl,  and  the  opening  between  them, 
sometimetj  so  narrow  as  to  be  almost  linear,  extends  along  their 
whole  length.  In  the  falsetto  voice,  on  the  other  hand,  the  vocal 
cords  are  said  to  be  thin  and  merubranous,  and  the  note  to  be 
given  forth  by  a  vibration,  not  of  the  whole  width  of  the  cords 
as  in  the  chest-voice,  but  of  the  extreme  edges  only,  the  lateral 
parts  though  not  absolutely  at  rest  vibrating  with  a  ditiereut 
rhythm.  Though  the  whole  larynx  in  the  falsetto  voice  is 
stretched  in  the  antero-poaterior  direction  and  the  vocal  cords 
correspondingly  elongated,  the  rima  vocalis  does  not  extend  along 
their  whole  length ;  at  their  posterior  part  the  cords  are  in  con- 
tact, and  iuiieed,  according  to  some  authors,  the  high  falsi?tto 
notes  are  prwluced  by  a  sort  of  "stopping"  of  the  corJs.  The 
sense  of  eti'ort  which  accom[>anie8  the  falsetto  voice  indicates  that 
the  changes  in  the  larynx  which  bring  it  about  are  effected  by 
some  special  mu^^clilar  niameuvres,  as  is  a'so  suggested  by  the 
fact  that  the  ease  with  which  falsetto  notes  can  be  uttered  is 
readily  increased  by  practice.  The  change  from  the  chest  to  the 
falsetto  voice  is  an  abrupt  one,  and  the  ci^mbined  range  may  be 
very  extensive,  as  in  the  case  of  persons  who  can  carry  on  a 
duet,  singing  alternately,  fur  instaoce,  in  a  tenor  (chest)  and  a 
soprano  (falsetto)  voice. 

The  ventricles  of  Morgagni  are  apparently  of  use  in  giving 
the  vocal  cords  sufficient  room  for  their  vibrations,  and  perhaps 
supply  a  secretion  by  wbicli  the  vocal  cords  are  kept  adequately 
moiat.  The  purpose  uf  the  false  vocal  cords  is  not  exactly 
known.  8<jiiie  authors  think  that  in  the  falsetto  voice  they  are 
brought  down  into  contact  with,  and  thus  serve  to  stop,  the  true 
vocal  cords. 

At  the  age  of  puberty,  a  rapid  development  of  the  larynx  takes 
place,  leading  to  a  change  in  the  range  of  the  voice.  The  peculiar 
harshness  of  the  voice  when  it  is  thus  **  breaking,'*  seems  to  be 
due  to  a  temporary  congested  and  swollen  condition  of  the  mu- 
cous membrane  of  the  vocal  cords  accompanying  the  active 
growth  of  the  whole  larynx.  The  change  in  the  mucous  mem- 
brane may  come  on  quite  suddenly,  the  voice  "  breaking/'  for 
instance,  in  the  course  of  a  night. 
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Sec.  2. — Speech. 


Vowein, 


Every  BounH,  or  every  note  (fora)l  vocul  sounde  when  c 
sidered  by  ihemselves  are  musical  Bound?),  caused  by  the  vibm- 
tiona  of  the  vocal  cords,  besides  its  louduess  due  to  the  force  of 
the  expiraU^ry  blast,  and  iu  pitch  due  to  the  tension  of  the  cords, 
has  a  (juality  of  iUs  own,  due  to  the  number  and  relative  promi- 
nence of  the  overtones  which  accompany  the  fundamental  tone. 
Some  of  these  features  which  make  up  the  quality  are  imposed 
on  the  note  by  the  nature  of  the  vocal  cords,  but  still  more  arise 
from  various  modifications  which  the  relative  intensities  of  the 
overtones  undergo  through  tiie  resonance  of  the  cavity  of  the 
mouth  and  throat.  Whenever  we  hear  a  note  sounded  by  the 
larynx,  we  are  able  to  recognize  in  it  features  which  enable  us 
to  state  that  one  or  other  of  the  "vowels"  is  being  uttered. 
Vowel  sounds  are,  in  fact,  only  extreme  cases  of  quality,  ex- 
treme prominence  of  certain  overtones  brought  about  by  the 
shape  assumed  by  the  buccal  and  pharyngeal  passages  and  ori- 
fices, as  the  vibrations  pass  tbrou^ti  them.  Each  vowel  haa  its 
appropriate  and  causative  disposition  of  these  parts.  When  i 
(ee  in  feet)  is  sounded,  the  sounding-tube  of  the  upj>er  air-pas- 
sages is  made  as  short  as  poBsible,  the  larynx  is  raised  and  the 
lips  are  retracted,  the  whole  cavity  of  the  mouth  taking  on  the 
form  of  a  broad  flask  with  a  narrow  neck.  During  the  giving 
out  of  e  (a  in  fat)  the  shape  of  the  mouth  is  similar,  but  some- 
what longer.  For  the  production  of  n  (as  in  father)  the  mouth 
is  widely  open,  so  that  tlio  buccal  cavity  is  of  the  shape  of  a  fun- 
nel with  the  apex  at  the  pharynx.  With  o,  the  buccal  cavity  is 
again  flask-shaped,  with  the  mouth  more  clo^ied  than  in  a,  but 
the  lips*  instead  of  being  retracted  as  in  i  and  e,  are  somewhat 
protruded,  so  that  the  sounding-tube  is  prolonged.  The  greatest 
length  of  the  tube  is  reached  in  n  (oo),  in  which  the  larynx  is 
depressed  and  the  li|>s  protruded  as  much  as  possible.  While 
tin'  two  latter  voAyels  are  being  uttere<i,  the  general  form  of  the 
buccal  cavity  is  that  of  a  flask  with  a  short  neck  and  a  small 
opening,  the  orifice  being  smaller  for  u  than  for  a. 

Each  of  these  various  *'  vowel "  forms  of  the  mouth  poaseascs 
A  note  of  its  own,  one  towards  which  it  acts  as  a  resonance  cham- 
ber. Thus,  if  several  tuning-forks  of  various  pitch  Yte  held  while 
sounding  before  a  mouth  which  has  assumed  the  particular  form 
necessary  for  sounding  i\  it  will  be  found  that  the  reaonanoe 
will  be  particularly  great  with  the  fork  having  the  pitch  of  tba 
boas  /(flat.     .Similarly  other  and  higher  notes  will  be  hit«naified 


I 


CONSONANTS. 


781 


I 


when  the  mouth  is  moulded  to  utter  the  other  vowels.  Aud  it 
18  the  experience  of  singera,  that  each  vowel  is  sung  with  pecu- 
liar ease  ou  a  note  having  a  prominent  overtone  corresponding 
to  the  tone  proper  to  the  mouth  when  moulded  to  utter  the 
vowel.  The  precise  nature  of  the  vowel  sounds  is,  however,  still 
disputed. 

As  the  vibrations  are  travelling  through  the  pharyngeal  and 
buccal  cavities,  the  posterior  uarea  are  closed  by  the  sod  palate; 
aud  it  may  be  shown,  by  holding  a  flame  before  tho  nuelril,  that 
no  current  of  air  isftues  from  the  nose  when  a  vowel  is  properly 
said  or  sung.  When  the  posterior  narcs  are  not  cfibctually  cloee<l 
the  sound  acquires  a  nasal  character.  The  same  happens  when 
the  anterior  nnres  are  closed,  as  when  the  nose  is  held  between 
the  fingers,  the  nasal  chamber  then  forming  a  cavity  of  ree- 
onance. 

Chittonaiits. 

Vowels  are,  as  their  name  implies,  the  only  real  vocal  sounds ; 
it  is  only  on  a  vowel  that  a  note  can  be  said  or  sung.  Our 
speech,  however,  is  made  up,  not  only  of  vowels,  but  also  of  con- 
sonants, i.  c,  of  sounds  which  are  produced,  not  by  the  vibra- 
tions of  the  vocal  cords,  but  by  the  expiratory  blast  being  in 
various  ways  interrupted,  or  otherwise  modified,  in  its  course 
through  the  throat  and  mimth. 

The  distinction  between  the  two  is,  however,  not  an  absolute 
one,  since,  as  we  have  seen,  the  characters  of  the  several  vowels 
depend  on  the  form  of  the  mouth,  and  in  the  production  of  some 
consonants  (B.  D,  M,  N,  etc.)  vibrations  of  the  voc*al  cords  furm 
a  necessary  though  adjuvant  factor. 

Consonants  have  been  classitied  according  to  the  place  at  which 
the  characteristic  interruption  or  niodiiication  takes  place.  Thus 
it  may  occur — 

1.  At  the  lips,  by  the  movement  or  position  of  the  lips  in 
reference  to  each  other  or  to  the  teeth,  giving  rise  to  labial  con- 
sonants. 

2.  At  the  teeth,  by  the  movement  or  position  of  the  front  part 
of  the  tongue  in  reference  to  the  teeth  or  the  hard  palate,  giving 
rise  to  detiial  consonants, 

3.  In  the  throat,  by  the  movement  or  position  of  the  root  of 
the  tongue  in  reference  to  the  soil  palate  or  pharynx,  giviug  rise 
to  ffxUiural  consonants. 

Among  the  dentals,  again,  may  be  distinguished  the  dentals, 
commonly  so  calted,  such  as  T,  the  sibilants  such  as  H,  and  the 
lingual  L,  all  dilTering  in  tho  relative  position  of  the  tongue, 
teeth,  and  palate. 

6d 
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CouflonantH  may  also  be  claeeiBed  according  to  the  character 
the  movements  which  give  rise  to  them.    Thus  they  may  be  either 
explosive  or  continuotus, 

1.  Ej:jilo8ivrn. — In  these  the  characters  are  given  to  the  «<)untl 
by  the  sudden  establishment  or  removal  of  the  appropriate  inter- 
ruption. Thus,  in  uttering  the  labial  P,  the  li{>s  are  tirst  closed, 
then  an  expiratory  current  of  air  is  driven  against  them,  and 
upon  their  heiug  suddenly  opened,  the  sound  is  generated. 
Similarly,  thp  dentiil  T  is  generated  by  the  sudden  removal  of 
the  interruption  caused  by  the  approximation  of  the  tip  of  the 
tongue  to  the  front  of  the  hard  palate,  and  the  guttural  K  by  the 
sudden  removal  of  the  interruption  caused  by  the  approximation 
of  the  root  of  the  tongue  to  the  soft  palate. 

The  labial  B  differs  from  P,  inasmuch  as  it  is  accompanied  by 
vibrations  of  the  vocal  cords  (that  is,  a  vowel  sound  is  uttered  at 
the  same  time),  and  these  vibrations  continue  after  the  removal 
of  the  interruptiou.  lience,  B  is  often  spoken  of  as  being  uttered 
with  voice,  and  1*  without  voice ;  and  1)  and  CJ  (hard;  with  voice 
bear  the  same  relatirm  to  T  and  K  without  voice. 

The  conti7iuoHS  consonants  may  further  be  divided  into 

2.  Aspirates. — In  these  the  sound  is  generated  by  a  rush  of  air 
through  a  constriction  formed  by  the  partial  closure  of  the  lipe, 
or  by  the  raising  of  the  tongue  against  the  hard  or  soil  palate, 
etc.  Thus,  F  is  sounded  when  the  lips  are  brought  into  partial, 
and  not  as  in  P  and  B  into  complete  approximation,  and  a  cur- 
rent of  air  is  driven  through  the  narrowed  opening.  F  is  uttered 
without  any  accompanying  vibration  of  the  vocal  corda — t,  c, 
without  voice.     With  voice  it  becomes  V. 

The  sibilant  S  is  furmed  by  a  rush  of  air  past  an  obstruction 
caused  by  the  partial  closure  of  the  teeth,  the  front  of  the  tongue 
being  depressed  at  the  same  time;  and  8  accompanied  with 
vibrations  of  the  vocal  cords  becomes  Z. 

In  8h  the  dorsal  surface  of  the  tongue  is  raised  so  as  to  narrow 
the  passage  between  that  organ  and  the  palate  for  a  considerable 
portion  of  ita  length. 

Th  is  formed  by  placing  the  tongue  between  the  two  partially 
open  rows  of  teeth  ;  and  the  hard  and  soA.  Tb  bear  to  each  other 
the  same  relation  as  do  P  and  B. 

L  is  produced  when  the  piu»sage  is  closed  in  the  middle  by 
pre.'^ing  the  tip  of  the  tongue  against  the  hard  palate  and  the  air 
IS  allowed  to  escape  at  the  sides  of  the  tongue. 

When  the  cimstriction  in  an  aspirate  is  formed  by  the  approii* 
mation  of  the  root  of  the  tongue  to  the  soft  palate,  we  have  the 
guttural  CH  (as  in  loch)  without  voice,  and  GH  (as  in  lough  i 
with  voice, 

3.  R&sonajiU  or  UaniU.  —  \\\  "^^^^  ^  ^"v  Vttvtia.  must  bare 
vibratlouB  of  the  voca\  corda  ha  a\>w^\aA\v«i^i»M\\«»wei>X«««&>. 
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ihpt  mouth  18  doeeri  either  in  a  labial,  dental,  or  guttural  fashion, 
&n<]  the  peculiar  character  is  given  to  the  sf>und  by  the  nasal 
ohambet'S  acting  as  a  resonance  cavity.  Thus,  in  M,  the  passage 
is  closed  by  the  approximation  of  the  lijw,  in  N  by  the  approxi- 
mation of  the  tongue  to  the  hard  palate,  and  in  NO  by  the 
approximation  of  tne  root  of  the  tongue  to  the  soft  palate. 

4.  The  various  forms  of  U  are  often  Bjjoken  of  as  vibratory,  the 
characteristic  Bounds  being  causeil  by  the  vibration  of  some  or 
other  of  the  parts  forming  a  constriction  in  the  vocal  passage. 
Thus,  the  ordinary  K  is  produced  by  vibrntioua  of  the  point  of 
the  tongue  elevated  against  the  hard  palate,  the  guttural  U  by 
the  vibralinns  of  the  uvula  or  other  parts  of  the  walls  of  the 
pharynx  ;  and  in  some  languages  there  seems  to  be  an  U  pro- 
duced by  the  vibrations  of  the  lips. 

H  is  caused  by  the  rush  of  air  through  the  widely  onen  glottis. 
When,  in  sounding  a  vowel,  the  sound  coincides  with  a  sudden 
change  in  the  position  of  the  vocal  cords  from  one  of  divergence 
to  one  of  approximation,  the  vowel  is  pronounced  with  the 
Kiiriiu«  aaptr.  When  the  vocal  cordB  are  brought  together  be- 
lore  the  bbiat  of  iiir  begins,  the  vowel  is  pronounco(i  with  the 
spiritus  lenis.  The  Arabic  11  is  produced  by  closing  the  rima 
vocaiis,  the  epiglottis  and  false  vocal  cords  iK'ing  depressed,  and 
sending  a  blast  of  air  through  the  rima  respiratoria. 

On  many  of  the  above  points,  however,  there  are  great  dif- 
ferences of  opinion,  the  diacuasiou  of  which,  as  well  as  of  other 
more  rare  consonantal  sounds,  would  lead  us  too  far  away  from 
the  purpose  of  this  book.  The  following  tabular  statement  must 
therefore  be  regarded  as  introduced  for  convenience  only. 


ExPLOStVKH.  LahiaU, 

DeniaU. 
Den  la  I  g^ 
Outturuls, 
GutturnLt, 
AsPIKATKS.  Ltthiatn. 
Labial », 
Drtifalitj 


Rbsonaivts 


Vibratory 


without  voice  .  P, 

with  voice  B. 

without  voice    .  T. 

with  vuico  .     D. 

without  voice  .  .     K  (htird  C). 

with  voicft  .     (r  (hard). 

without  Voice  .  -     F. 

wiih  voice         .  -     V. 

wiihtiiit  voicfc  .     L  S  (sort  C),  Rh, 

Th  (hard). 
Z,  Zh  (in  azurf.f  the 
Fn-nch  j ),  Th  (Hoft). 

witho\it  voico  .  CH  (ua  in  toe/t) 

with  voice,  .     GH  (an  in  touffh). 

M. 

N. 

NU. 

not  known  in  Kuro|>CHn*^W!Lv\v. 

R  (oommon). 
R  (gutlural). 


Dentals^    ,  with  voice 


QnUnrnh 

Gutiumt$ 

/jrthial, 

Dftital, 

Gttiittrntj 

Lahini, 

Den  tat, 

t^uttnraL 
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Whispering  is  speech  without  any  employment  of  the  vocal 
cords,  and  is  effected  chiefly  by  the  lips  iind  ttiDgue.  HeDce,  in 
whispering  the  distinction  between  consouaals  needing  and  those 
not  needing  voice,  such  as  B  and  P,  becomes  for  the  most  part 
lost 

Sec.  3. — Locomotor  MECHAT^iBxa. 

The  skeletal  muscles  are  for  the  most  part  arranged  to  act  on 
the  bones  aud  cartilages  as  on  levers,  examples  of  the  first  kind 
of  lever  being  rare,  and  those  of  the  third  kind — where  the  power 
is  applied  nearer  to  the  fulcrum  than  is  the  weight — being  more 
commtm  than  the  second,    f  Fig.  248.  i    This  arises  from  the  fact 

Fig.  2-18. 


lixurn-nATioH  ur  mit  Tniiai  Kivd  or 


F,  rukruu :  P,  power .  W, 


that  the  movements  of  the  body  arc  chiefly  directed  to  movim 
comparatively  light  weights  through  a  great  distance,  or  through 
a  certain  distance  with  great  precision,  rather  thnn  to  moving 
heavy  weights  through  a  short  distance.  The  fulcrum  i«  gener- 
ally supplied  by  a  (perfect  or  imperfect)  joint,  and  one  end  of 
tlie  acting  muscle  is  maiie  fast  by  being  altadted  either  tn  a  fixed 
p<jint,  or  to  some  point  rendered  fixed  for  the  time  being  by  the 
contraction  of  other  muscles.  There  are  few  movements  of  the 
body  in  which  one  muscle  only  is  concerned;  in  the  majority  of 
oasee  several  muscles  act  together  in  concert;  nearly  all  our 
movements  are  coordinate  movementa.  Where  gravity  or  the 
eJaatio  reaction  of  the  parts  acted  on  duee  not  affnrd  a  sufficient 
antagonism  to  the  contraction  of  a  muscle  or  group  of  rausclos, 
the  return  to  the  condition  of  equilibrium  is  provided  for  by  the 
action  either  elastic  or  contractile  of  a  set  of  antagonistic  mua- 
clea;  thi.s  is  seen  in  the  caae  o^  vW^hca. 
The  erect  posture,  in  v»V\c\\  vW  M<n%V\.  qI  vVft>»A^  \fc\wt\ffl.  t^Y 
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the  plantar  arches,  is  the  result  of  a  aeries  of  contractions  of  the 
muacles  of  the  trunk  and  legs,  having  for  their  object  the  keep- 
ing the  body  in  such  a  position  that  the  line  of  gravity  falls 
within  the  area  of  the  feet.  That  this  does  require  muscular 
exertion  ia  shown  by  the  facts,  that  a  person  when  standing  per- 
fectly at  rest  in  a  completely  balanced  position  falls  when  he 
becomes  UDConscious,  and  that  a  dead  body  cannot  be  set  on  its 
feet.  The  line  of  gravity  of  the  head  falls  in  front  of  the  occi- 
pital articulation,  as  is  shown  by  tiie  nodding  of  the  head  in 
sleep.  The  centre  of  gravity  of  the  combined  head  and  trunk 
lies  at  about  the  level  of  the  ensiform  cartilage,  in  front  of  the 
tenth  dorsal  vertebra,  and  the  line  of  gravity  drawn  from  it 
passes  behind  a  line  joining  the  centres  of  the  two  hip-joints,  so 
that  the  erect  bmly  would  fall  backward  were  it  not  for  the 
action  of  the  muscles  passing  from  the  thighs  to  the  pelvis,  assisted 
by  the  anterior  ligaments  of  the  hip-joints.  The  line  of  gravity 
of  the  combinerl  head,  trunk,  and  thighs  falls  moreover  a  little 
behind  the  knee-joints,  so  that  some,  though  little,  muscular 
exertion  is  required  to  prevent  the  knees  from  being  bent.  Lastly, 
the  line  of  gravity  of  the  whole  bo<ly  passes  in  front  of  the  line 
drawn  between  the  two  ankle-joints,  the  centre  of  gravity  of  the 
whole  body  being  placed  at  the  end  of  the  sacrum  ;  hence  some 
exertion  of  the  muscles  of  the  calves  is  required  to  prevent  the 
body  falling  forwards. 

lu  UHilking,  there  is  in  each  step  a  moment  at  which  the  body 
rests  vertically  on  the  foot  of  one,  say  the  right  leg,  while  the 
other,  the  left  leg.  is  inclined  obliquely  behind,  with  the  heel 
raised  and  the  toe  resting  on  the  ground  i  Fig.  249).     The  left 
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leg,  slightly  flexed  to  avoid  contact  with  the  ground,  is  then 
flwung  forward  like  a  pendulum,  the  length  of  the  swing  or  step 
beinc:  determined  by  the  length  of  the  leg ;  and  the  lefl  tcw^'  vi 
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brought  lo  the  ground.  On  this  left  toe  as  a  fulcrum,  the  body 
13  moved  forward,  the  centre  of  gravity  of  the  bo*ly  describing  a 
curve,  the  convexity  of  which  is  upward,  aud  the  leil  leg  ueoes- 
sarily  becoming  straight  and  rigid.  As  the  body  moves  forward, 
a  point  will  be  reached  similar  Lo  that  with  which  we  supposed 
the  slep  to  be  started,  the  body  resting  vertically  on  the  lefl  foot, 
and  the  right  leg  being  directe<l  behind  in  an  oblique  position. 
The  movement  on  the  lefl  foot,  however,  carries  the  body  bevond 
this  point,  and  in  doing  go  swings  the  right  leg  forward  until  it 
is  the  length  of  a  8t(;p  in  advance  of  its  previoub  positiuu.  and 
its  toe  in  turn  forma  a  fulcrum  on  which  the  body,  and  with  it 
the  lell  leg,  is  again  swung  forward.  Hence,  in  successive  steps 
the  centre  of  gravity,  and  with  it  the  top  of  the  head,  describe* 
a  series  of  consecutive  curves,  with  their  convexities  upwards, 
very  similar  to  the  line  of  ilicht  of  many  birds. 

bince  in  standing  on  both  teet  the  line  of  gravity  falls  between 
the  two  feet,  a  lateral  displacement  of  the  centre  of  gravity  is 
necessary  in  order  to  balance  the  body  on  one  ftM)t.  Hence,  in 
walking  the  centre  of  gravity  describes,  not  only  a  series  of  .ver- 
tical, but  also  a  series  of  horizontal  curves,  inasmuch  as  at  each 
step  the  line  of  gravity  is  made  to  fall  alternately  on  each  stand- 
ing foot.  While  the  left  leg  is  swinging,  the  line  of  gravity  falls 
within  the  area  of  the  right  foot,  and  the  centre  of  gravity  is  on 
the  right  side  of  the  pelvis.  As  the  left  fout  becomes  the'stand- 
ing  foot,  the  centre  of  gravity  is  shifted  to  the  left  side  of  the 
pelvis.  The  actual  curve  described  by  the  centre  of  gravity  is 
therefore  a  somewhat  complicated  one,  being  composed  of  ver- 
tical aud  horizontal  factors.  The  natural  step  is  the  one  which 
is  determined  by  the  length  of  the  swinging  leg,  since  this  acts 
as  a  pendulum ;  and  hence  the  step  of  a  long-legged  person  is 
naturally  longer  than  that  of  a  person  with  short  legs.  The 
length  of  the  step,  however,  may  be  diminished  or  increased  by 
a  direct  muscular  effort,  as  when  a  line  of  soldiers  keep  step  in 
spite  of  their  having  legs  of  dilTerent  lengths.  Such  a  mode  of 
marching  must  obviously  be  fatiguing,  inasmuch  as  it  involves 
an  unnecessary  expenditure  of  energy. 

In  slow  walking  there  is  an  appreciable  time  during  which, 
while  one  foot  is  already  in  position  to  serve  as  a  fulcrum,  the 
other,  swinging,  foot  has  not  yet  left  the  ground.  In  fast  walk- 
ing this  period  is  so  much  reduced,  that  one  foot  leaves  the 
ground  the  moment  the  other  touches  it;  hence  there  is  practi- 
cally no  period  during  which  both  feet  are  on  the  grvund 
together. 

When  the  IkkIv  is  swung  forward  on  the  one  foot  actine  as  a 
fulcrum  with  such  energy  tliat  this  foot  leaves  the  eround  befor« 
the  other,  swinging,  foot  has  reached  the  ground,  there  being  an 
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interval  during  which  neither  foot  ia  on  the  ground,  the  person 
is  said  to  be  running^  not  walking. 

Id  jumping  thb  propuliiiou  of  the  body  takes  place  on  both 
feet  at  the  same  time ;  in  hopping  it  is  effected  on  one  toot  only. 

The  locomotion  of  four-footod  aniiunls  is  neceBsarily  more  com- 
plicated than  that  of  man.  The  siiuplc  walk,  mich  m  that  of  the 
horee,  is  executed  in  four  limes,  with  a  diagonal  succesaion  ;  thus, 
right  foreleg,  left  liiudleg,  left  foreleg,  right  hiudleg.  In  the 
amble,  such  as  that  of  the  cAmel,  the  two  teet  of  the  same  side 
are  put  down  at  one  and  the  same  time,  this  movement  being 
followed  by  a  similar  movement  of  the  other  two  lees  ;  it  corre- 
sponds therefore  very  closely  to  human  walking.  In  the  trot, 
which  corrcenands  to  human  runniug,  the  two  diagonally  oppo- 
site feet  are  brought  to  the  ground  at  the  same  lime,  and  the 
body  is  propelled  forwards  on  them.  Cuncerning  this,  however, 
as  well  concerning  the  still  more  complicated  gallop  and  canter, 
observers  are  not  agreed,  and  much  discussion  has  arisen. 

The  other  problems  connected  with  the  action  of  the  various 
skeletal  muscles  of  the  body  are  too  special  to  be  considered 
here. 
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Many  of  the  individual  constituent  parts  of  the  btidy  are 
capable  of  reproduction— i.  c,  they  can  give  viae  to  parts  like 
themselves;  or  they  are  capable  of  regeneration — ».  e.,  their 
places  can  be  taken  by  new  parts  more  or  less  closely  resembling 
themselves.  The  elementary  tissues  undergo  during  life  a  very 
large  amount  of  regeneration.  Thus,  the  old  epithelium  scales 
which  fall  away  from  the  surface  of  the  body  are  succeeded  by 
new  scales  from  the  underlying  layers  of  the  epidermis;  old 
blood-corpusciea  give  place  to  new  ones;  worn-out  muscles,  or 
those  which  have  failed  from  disease,  are  renewed  by  the  acces- 
sion of  fresh  fibres;  divided  nervea  grow  again;  broken  bones 
are  united;  connective  tissue  seems  to  disappear  and  appear 
almost  without  limit;  new  secreting  cells  take  (he  place  of  the 
old  ones  which  are  cast  off;  in  fact,  with  the  exception  of  some 
coses,  such  as  cartilage,  and  these  doubtful  exceptions,  all  those 
fundamental  tissues  of  the  bo<ly,  which  do  not  form  part  of 
highly  diflerenliated  organs,  are,  within  limits  fixed  more  by 
bulk  than  by  anything  else,  capable  of  regeneration.  That  re- 
generation by  substitution  nf  molecules,  which  is  the  basis  of  all 
life,  is  accompanied  by  a  regeneration  by  substitutiou  of  mass. 

In  the  hijEjher  animals  regeneration  of  whole  organs  and  mem- 
bers, even  of  those  whose  continued  functional  activity  is  not 
essential  to  the  well-being  of  the  body,  is  never  witnessed,  though 
it  may  be  seen  in  the  lower  animals ;  the  digits  of  a  newt  may  De 
restored  by  growth,  but  not  those  of  a  man.  And  the  repair 
which  follows  even  partial  destruction  of  highly  differentiated 
organs,  such  as  the  retina,  is  in  the  higher  animals  very  im[>erfect. 

In  the  higher  animals  the  reproduction  of  the  whole  individual 
can  be  effected  in  no  other  way  than  by  the  process  of  sexual 
generation,  through  which  the  female  representative  elenvcAs.^  'ox 
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ovum  \s^  under  the  influence  of  the  male  repreeentative  or  sper- 
matozoon^  developed  into  an  adult  individual. 

We  do  not  purpose  to  enter  here  into  any  of  the  morphological 
problemg  connected  with  the  series  of  changes  through  which  the 
ovum  becomes  the  adult  being;  or  into  the  obscure  biological 
inquiry  as  to  how  the  simple,  all  hut  structureless,  ovum  contains 
within  itself,  in  potentiality,  all  its  future  developments,  and  aa 
to  what  is  the  essential  nature  of  the  male  action.  These  prob- 
lems and  questions  are  fully  discussed  elsewhere;  they  do  not 
properly  enter  into  a  work  on  physiology,  except  under  the  view 
that  all  biological  problems  are,  when  pushed  far  enough,  physi- 
ological problems.  We  shall  limit  ourselves  to  a  brief  survey  of 
the  more  important  physiological  phenomena  attendant  on  the 
impregnation  of  the  ovum,  and  on  the  nutrition  and  birth  of  the 
embryo. 

[The  PkysiologicQl  Anatomy  of  (he  Orgaiu  of  OeneraHom, 

The  female  organs  of  generation  are  anatomically  divided  into 
the  internal  and  external  organs.  The  latter  comprise  the  labia 
majora  and  minora,  the  clitoris,  the  hymen,  the  meatus  urinarius, 
the  vulvo-vaginal  glands,  and  the  mucous  and  sebaceous  glands 
which  are  distributed  in  the  mucous  membrane  covering  the 
parts.  The  external  organs  play  a  very  subsidiary  part  in  the 
function  of  repruduction,  and  they  will  be  passed  by  with  thu 
brief  notice. 

The  internal  organs  comprise  the  vagina,  uterus,  Fallopian 
tubes,  and  ovaries. 

The  vagina  is  a  musculo-memhranous  canal,  about  four  to  six 
inches  long,  directed  obliquely  upwards  and  backwanis,  and  ex- 
tending from  the  hymen  to  the  cervix  uteri,  where  it  is  attached 
at  a  point  a  short  distance  above  the  o«  uteri.  It^  walla  consist 
of  au  external  coat  of  longitudinal  muscular  fibres,  a  middle 
erectile  coat,  and  an  internal  raucous  coat.  The  mucous  mem- 
brane is  continuous  below  with  that  covering  the  external  geni- 
tals, and  above  with  the  mucous  membrane  lining  the  uterus. 
The  anterior  and  posterior  surfaces  are  marked  by  longitudinal 
folds  or  raphe,  from  which  a  number  of  transverse  folds  arc 
piven  olf.  This  membrane  is  provided  with  mucous  glanda,  and 
IS  thickly  covered  with  sensitive  papilke. 

The  uterus  is  a  flattened,  pyriform,  nuiscular  organ  (Fig.  250). 
Anatomically  it  is  divided  into  the  fundus,  neck,  and  cervix. 
The  nock  indicates  the  i>oiut  of  divisinn  between  the  lower  coa- 
st rictetl  portion,  which  is  the  cervix,  and  the  upper  expanded 
poriiun.  the  fundus.  The  cervix,  which  extends  fn)m  the  neck 
to  the  end  (»f  the  organ,  projects  into  the  vagina,  at  which  point 
it  ia  marked  bv  u  trauaverae  fissure,  calleii  the  m  utori. 
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The  cavity  of  the  uterus  is  somewhat  triaugular  iu  shape,  and 
very  much  flattened  anteropoateriorly.  The  inferior  angle  of 
the  cavity  is  continuous  with  the  canal  running  through  the 
cervix  to  the  vagina.  The  superior  anelea  are  calle*!  thecornua; 
at  the  bottom  ot  each  is  an  orifice  of  a  Fallopian  tube.  The 
uterus  U  composed  of  three  coats;  a  serous  (formed  by  the  peri- 
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toDcum),  a  muscular,  and  a  mucous  coat.  The  mucous  coat  is 
continuous  with  that  lining  the  Fallopian  tubes  and  vagina.  It 
is  covered  with  columnar  ciliated  epithelium,  and,  if  examined 
with  a  lens,  the  openings  of  the  mucous  follicles  will  be  seen  to 
be  very  profusely  distributed  over  the  surface.  If  a  vertical 
section  be  made,  as  in  Fig.  251,  the  tubulea  wilt  be  seen  to  be  ar-j 
ranged  perpendicularly  to  the  surface,  having  a  wavy  course. 
In  the  impregnated  uterus  they  become  much  swollen  and  en-_ 
larged.  The  raucous  membrane  lining  the  cervix,  on  account  of 
its  peculiar  appearance,  is  called  the  arbor  vita  uieriniui. 

The  Fallopian  tubes  (Fig.  *ioO)  are  about  four  inches  in  length, 
and  extend  from  the  coruua  of  the  uterus  to  the  ovaries*  where 
they  end  in  enlarged  expanded  extremities,  the  margins  of  wK\\s\\ 
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are  covered  by  long  slender  proceeaes,  one  of  them  being  con- 
nected  to  the  ovary.  This  p4)rtioD  of  the  tube  is  called  the  tim- 
briated  extremity.  The  tubes  are  compoBed  of  a  serous,  museular. 
and  mucous  layer.  The  raucous  membrane  is  covered  with  cili- 
ated columnar  epithelium. 

The  ovaries  (Fig.  250)  are  flattened,  ovoidal  bodies,  which  are 
situated  one  on  each  side  of  the  uterus,  and  enclosed  in  the  folds 
of  the  broad  ligaments.  They  are  each  connected  with  the  uterus 
by  a  ligatneut,  and  with  the  Fallopian  tube  hy  one  of  its  fimbrioe. 
They  each  consist  of  a  fibrous  coat  iiunitvi  alhuginen]  which  en- 
closes the  stroma  of  the  organ.    (Fig.  251.)    The  stroma  is  com- 
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posed  of  a^ofl  vascular  fibrous  tissue,  having  embedded  in  h  a 
number  of  small  bodies,  called  Graafian  vesicles,  which  are  in 
divers  stages  of  devclopnit'ut.  These  vesicles  commence  their 
development  in  the  deeper  portions  of  the  ovary,  and  as  they  « 
approach  maturity  gradually  make  their  way  to  the  surface,  " 
where  they  project  as  prominences,  and  their  capsule  finally  rup- 
turing, discharge  their  contents  into  the  Fallopian  tube.  Each  ^ 
vesicle  consists  of  an  external  coat  formed  by  the  ovary,  ao  in*  ■ 
ternal  coat  or  capsule,  and  within  this  a  layer  of  cells,  which 
constitutes  the  membrana  ^ranuiom.  The  interior  of  the  vesicle 
consists  of  an  albuminous  Huid,  in  which  is  suspended  the  ovule. 

The  Male  Generalivt  Organs. — The  same  physiological  interest 
is  not  centered  in  the  male  organs  of  generation,  u  in  those  of 
the  female,  the  principal  interest  being  concentrated  upon  the 
organs  which  secrete  the  male  fluid  by  which  the  ovule  is  im- 
pregnated. Our  remarks  will,  therefore,  be  almost  entirely  con* 
fineil  to  the  organs  concerned  in  the  secretion  of  this  fluid. 

The  male  organs  comprise  the  penis  or  organ  of  copulation, 
the  prostate  and  Gowper  s  glands,  the  teeticlea,  and  vasa  defer 
entia  and  vesiculze  seminales. 


1 


ANATOMY  OF  THE  ORGANS  OF  GENERATION 


798 


H      ANATi 

^M  The  proetate  glaud  surrounds  ihe  neck  uf  the  bladder  and 
^B  coramencement  of  the  urethra  (Fig.  253).  It  secrctcB  a  miJky 
I  fluid,  which  la  conveyed  by  the  proBlatic  ducts  to  the  fltxjr  of 
the  nrethra.  Cowper's  glantis  are  two  Braali  glands  which  are 
situated  between  the  layers  of  the  deep  perineal  fascia  at  the 
anterior  part  of  the  membranouH  urethra.  Thev  secrete  a  viacid 
fluid,  which  is  conveyed  by  ducts  to  the  floor  of  the  urethra. 

The  testefi  or  testicles  are  two  Huiall  flulteued  ovoidal  glands, 
which  are  situated  in  a  musculo-membranous  pouch,  called  the 
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scrotum,  and  suspended  by  the  spermatic  (^^rds.  Each  testicle 
consists  of  two  parts:  the  gland  pro[>er  and  the  epididynns.  The 
gland  (Fig.  2')4)  is  composed  of  an  outer  fibrous  coat,  the  tunica 
albuffinea^  this  being  covere<l  by  a  serous  membrane,  the  tunica 
vaginalis.  The  substance  of  the  gland  consists  of  a  number  of 
pyramidal  lobular  divisions,  which  are  situated  with  their  bases 
towards  the  surface.  Each  lobule  is  composed  of  several  con- 
voluted iiibjUi  Brminifen,  and  are  separated  from  adjoining  lobules 
by  prulongatiiiu  of  fibrous  tissue  from  the  tunica  albuginea.  The 
tubulea  are  composed  of  a  homogeneous  basement  mcmU'c^'oK.^ 
which  is  lined  by  granular  nucleated  epilKftWwm.    \w  \N\si  ^.'^vae* 
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of  the  lobules  they  have  a  straight  couree,  and  form  the  wm 
rtcta.  They  then  enter  the  fibrous  tiasue  of  the  titedtastinuui 
(  Fig.  254),  and  form  a  plexus  of  lubes  called  the  rtte  UMU,  which 
eud  iu  the  upper  part  of  the  nie<liafititium  as  the  vajta  efferentui, 
and  these  becoming  very  much  convoluted  form  the  globus  major 
or  head  of  the  epididymis.     The  tubules  of  the  globus  major 
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Via.  2i!jn.— Tb<>  liiw  of  lliu  MhIc  KluldBr,  witb  t)w  VMirtilw  SeiitttMln  «ih1  rn«litt«  0Ull4. 
\n*T  lUlXMi  I,  tilt-  iiriiiKry  l-UJilcr  ;  Z,  the  Ii>ii^luilln«l  layer  »f  iiiiurulor  niirr« ,  .1.  th» 
]knirt«U?  fclMUi] ;  I,  mfiDlmiiioii*  |nin|nti  >if  Oi»  urnclira  ;  •*>,  tli«>  uratM^;  ■'%  li]<H)JriMH>U;  T,  l«kf| 
H,  ri4()il  VIU1  i)rfrrvfi«  ;  U,  )c*l1  M-inlimt  «r«lrlu  to  Itf  rintttlTil  ihmIIUiu  :  1(1^  ilui-tiw  ejarulal>irta* 
at  tht<  iatl  fll>l*<  lr»vcnrluif  Iha  lovutatc  ulatitl ;  M,  riglit  Mnnlniil  vvalrle  ii^ortf*!  and  nu. 
rMTnltod  i  I'A  I''.  Mliul  |H>iKt«e«  <>f  viMriinilu*;  li,  riftht  iltiriiw  njAcntattirhw  tni«r>f«ittc  Ui« 

FiO  ^f'A.—*,  luttiiltM ;  b,  vwn  nvbt ;  c,  ui«4lln«tiniuii ;  4,  v«m  f(r<.'tvtiU*;  #,  hoAy  v(  r| 
jpitilt;/,  reiv  tntM;  y,  g,\vlm»  iiiluur;  A,   %iu  'Mvrvm:  i,  tmtlru  uHmjilnm  ami   ft* 
lubular  rcflwIlufM  ;  1,  kIuIhm  ui^fur. 


unite  to  form  a  jtingle  tube,  ^^llich  is  very  much  cfuvcrluted.  aad 
coDstitutes  (he  budy  and  Qlobua  minor  of  the  epididyniie,  and  is 
then  continued  from  the  globus  minor  to  the  ba^e  of  the  bladder 
as  the  excretory  duet  or  vas  deferens. 

The  WM  deferens,  commencing  at  the  globus  minor,  asoenda  in 
the  posterior  part  of  the  spermatic  conl  through  the  spermatic 
C4inal  into  the  pelvis,  where  it  runs  to  the  base  of  the  bladder 
and  becomes  enlur^w]^  sacculnted,  and  narrowed,  and  joins  with 
the  duct  of  the  vesicula  seruinalis  to  form  a  common  ejaculatory 
duct.  1  he  walls  of  the  vas  deferens  are  eonijHwed  of  fibn)us  azi^ 
muscular  tissue,  which  is  lined  by  a  mucous  membrane  with 
columnar  epuheiium. 

The  vt'Aicuhp  *enjinafo»  arc  two  elongated  sacculated  hoAiem, 
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external  to  the  vaaa  cleferentia.  The  structure  of  the 
1  vesicles  U  similar  to  that  of*  the  vnsa  deferentia,  con- 
of  a  fibro-niuscular  wall  lined  with  a  raucouR  membrane, 
is  covered  by  granular,  nucleated,  polygonal  epithelium 
These  organs  serve  as  receptacles  for  the  seminal  fluid 
;1  by  the  testes,  and  at  I  he  same  time  produce  a  secretion 
'  own  which  is  added  to  it.  The  ejaculatory  ducts*  which 
med  by  the  union  of  the  ducts  of  the  vasa  defercntia  and 
Be  aemioales,  open  into  the  prostatic  portion  of  the  urethra. 
ioats  are  thinner,  but  have  essentially  the  same  structure 
vasa  defercntia,  with  which  they  are  continuous. 
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vl,  HrRRMAT»xi>A  rutm  tiik  Hunan  Vs."  PiriiEititik.    An«r  Koluiikk. 
jMill  3Ai>  dlunoipn ;  V,  mogiiiflM  Htitt  ilinmMoni ;  o,  rniiii  the  riiXv ;  b,  fhini  ftbovo. 
igftUUtc  CwiiM  ANb  Si'CKMAToKiiA  Of  THK  Buu.  UtrpKROonra  pRncMraurr. 

Aftf>r  Khllikkk.     40O-1. 
ifltii-  ri^lU,  witli  oiiPMrtwij  iiik-Mf  oiioof  t{»«m  rtonr;  2,3,  frw  ntKlol,  wlUi  qnr^ 
innaU  rtirnilaiE;  -t,  tbf  QliunntiU  Dluncftlvi)  aitJ  the  bwl/  widenol ;  5,  tUaineati 
ly  deTeluped. 

seminal  fiiiid  is  a  complex  secretion,  being  composed  of 
itomical  elements  of  s^teinnaiozoa,  which  are  formed  in  the 
and*  of  the  secretions  of  the  vasa  deferentia,  veaicula; 
les,  the  prostate  and  Ci»wper'8  glands,  and  the  mucous 
of  the  urethra.  The  seminal  fluid  is  of  a  thick,  whitish, 
I  ap[>earauce,  and,  if  examine<{  microscopically,  is  seen  to 
I  innumerable  bodies  which  are  in  active  motion.  These 
i  si>ermato/,oid8,  and  are  the  esaenliul  mule  elements  cun- 
in  ihe  fecundation  of  the  ovule.  Each  of  these  bodies 
55)  consists  of  a  flattened,  ovoidal  head,  having  «X\V»>Va2^ 
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a  tapering  cauiiate  appendage  in  active  vibratile  motion.  These 
anatomical  elements  were  at  first  considered  animalcula,  hut 
they  are  now  looked  upon  as  free  nia&scB  of  protoplasm  with 
ciliary  appendages,  which  endow  them  with  the  power  of  mi- 
gration. 

The  spermatozoa  are  developed  from  the  nuclei  of  vesicles 
which  are  formed  in  the  tubules  of  the  tester.  The  nuclei  are 
metamorphosed  into  the  heads  of  the  spermatozoa,  the  ciliary 
appendages  being  afterwards  developed  as  a  sort  uf  outgrowth. 
Different  stages  uf  the  development  and  other  interesting  features 
are  shown  in  the  above  figure] 


CHAPTER    I 
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MEXSTKUATION. 

FuoM  i^uberty,  which  occurs  lit  i'rora  13  to  17  years  of  age,  to 
the  climacteric,  which  arrives  at  from  45  to  oO  y<^ar8  of  age,  the 
huiuaQ  feiualc  \a  Htibject  to  a  monthly  discharge  of  ova  from  the 
ovaries,  accompanied  hy  special  changes,  not  only  in  those  organs, 
but  also  in  the  Fallopian  tubes  and  uterus,  as  well  as  by  general 
changes  in  the  body  at  large,  the  whole  constituting  *'  menstrua- 
tion." The  essential  event  in  menstruation  is  the  escape  of  an 
ovum  from  its  Graaffian  follicle  (.Fig.  25tJ).  The  whole  ovary 
at  this  time  becomes  congeate<1,  and  the  ripe  follicle  bulges  from 
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Win.  flftC — SorUiiii  'J  <;i-NMltMii   Follir'li-  of  .«  >lHiiiiit.i.l.      \fUr  Vf>M  lUutt.     1,  utit^iii*  »l  tltu 

•<vt»ry  Willi  MiHMlvcflwlK  ;  'A  |M<hb>iiKun) ;  A  «iir1  i,  Imyan  nf  Die  oxtornal  ciml  uf  tli(*  Utiuilittit 
fMlllclt) ;  A,  QMnitrauii  |||tniniil<.«M  ;  >t.  Hitiil  uf  lli«  (irwinu]  MlK-lr  -,  7,  jcinituliir  kuuc,  or  diKU« 
|>n>llgnmft,  rontAltitOj^  Uiv  uvule  (n). 

Km.  2.*m.— oruli^  of  ilii-  S<iw.    AR«r  Bauui.    t,  ic«nuJual  sjiuc  ;  2,  Kermln»)  vMk-l« ; 
:{,  ;ulk  ;  4,  MUm  f'^UtviAa  ;  r>,  illtciH  [irutl)feru» ;  ti,  atlhvmnt  ^rnutulM  "f  t:t)IU.  | 

its  surface.  The  most  prujecting  portion  of  the  wall  of  the  fol- 
licle, which  has  previously  become  excessively  thin,  is  now  ru[»- 
tured,  and  the  ovum,  which  having  left  its  earlier  position,  is 
lying  close  under  the  projecting  surface  of  the  follicle,  escapes, 
together  with  the  cells  of  the  di^iie  proligerus  (Fig.  257),  into 
the  Fallopian  tube.  How  the  entrance  of  the  ovum  into  the 
Faltopiaa  tube  is  secured  is  not  exactly  known.  Some  maintain 
that  the  ovary  ia  gra^^ped  by  the  trumpet-ahaped  fimbriated 
mouth  of  the  Fallopian  tube,  itself  turgid  and  congested;  the 
movements  necessary  to  bring  this  about  beiug  eflected  by  the 
plain  muscular  fibres  present  in  the  mouth  rif  the  tube.  Others, 
rejecting  this  view,  and  asserting  that  the  turgescence  of  the 
tube  does  not  occur  until  after  the  ovum  has  become  safely  lodged 
in  the  tube,  suggest  that  the  ovum  is  carried  in  the  proper  dWwjr 
lion  by  currents  iu  the  peritoneal  cavity  ae\,^iv^i'^  vV*i 'w^^^'-'*'^  .'^'^ 
the  ciliated  epithelium  lining  the  tube,  cuttwixa  vaViofefc  ^\x«rn>»'**'j 
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and  strength  mem,  as  shown  hy  experiment,  to  be  a^lcquate  to 
carry  into  the  uterus  particles  present  in  the  jieritoueal  fluid- 
Arrived  iu  the  tube,  the  ovum  travels  downwards,  very  slowly, 
by  the  action  probably  of  the  cilia  lining  the  tube,  though  poe- 
flibly  its  progress  may  occasionally  be  assisted  by  the  peristaltic 
contractions  of  the  muscular  walls.  The  stay  of  the  ovum  in 
the  Fallopian  tube  may  extend  to  several  davs.  There  is  an 
effusion  of  blood  into  the  ruptured  follicle^  which  is  subt^cquently 
followed  by  histological  changes  in  the  coats  of  the  follicle  result- 
ing iu  a  rvrjmg  Ivienw}  (Fig.  268).     The  discharge  uf  the  ovum 

[Fio.  268. 
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is  acctimpanie*!,  not  only  by  a  congestion  or  erection  of  the  ovary 
aud  Fallopian  tul>e,  but  also  by  marked  changes  in  the  utoruB, 
especially  in  the  uterine  mucouB  menibr»ue.  While  the  whole 
organ  becomes  congested  and  enlarged,  the  nnicims  membrane, 
and  especially  the  uterine  glands,  are  distiuutlv  ]iypertroj>hied. 
The  swollen  internal  surface  is  thrown  into  folds  which  almost 
obliterate  the  cavity;  an<l  a  hemorrhagic  discharge,  often  con- 
siderable in  extent,  constituting  the  mcntttrual  (»r  cutamcnial  flow, 
takes  place  from  the  greater  part  uf  its  surface.  The  blood  as 
it  pa&ses  through  the  vagina  beciimes  somewhat  altered  by  the 
acid  secretions  of  that  passage,  and  when  scanty  coagulates  but 
slightly ;  when  the  flow,  however,  is  considerable,  distinct  clots 
may  make  their  ap(>earance.  The  swollen  and  hypertrophied 
mucous  membrane  then  undergoes  a  rapid  degeneration,  and  is 
shed,  passing  away  sometimes  in  tlbtlnct  masses,  forming  the 
latter  part  of  the  meuslrual  flow.  The  loss  of  the  mucous  mem- 
brane is  HO  complete,  that  the  bases  only  of  the  uterine  glands 
are  left,  and  from  the  epithelial  cells  lining  these  the  regenera- 
tion of  the  new  membrane  is  suid  to  take  place.  It  is  not  certain 
that  menstruation,  in  the  human  subject  at  all  events,  is  always 
accompanied  by  a  discharge  of  an  ovum;  indeed,  cases  have 
been  recorded  in  which  menstruation  continued  after  what  ap- 
peared to  be  complete  removal  of  both  ovaries.  And  It  seems 
probable  also  that  under  certain  circumstance;? — ex.  f/r.,  coitus — a 
discharge  of  an  ovum  may  take  place  at  other  times  than  at  the 
menstrual  period.  Since,  however,  the  time  during  which  both 
the  ovum  and  the  siH'rmatozoon  may  remain  in  the  female  pas- 
sages alive  and  functionally  capable  is  considerable,  probably 
extending  to  some  days,  coitus  effected  either  some  time  after  or 
some  time  before  the  menstrual  escape  of  an  ovum  might  lead  to 
impregnation  and  sul>sequent  development  of  an  embryo;  hence 
the  fact  that  impregnation  may  follow  upon  coitus  at  some  time 
after  or  before  menstruation  is  no  very  cogent  argument  in  favor 
of  the  view  that  such  a  coitus  has  caused  an  independent  escape 
of  an  ovum.  The  escape  of  the  ovum  is  said  to  precede,  rather 
than  coincide  with  or  follow,  the  catamenial  flow.  If  no  sper- 
matozoa come  in  contact  with  the  ovum  it  dies,  the  uterine 
membrane  returns  t-o  itH  normal  condition,  and  no  trace  of  the 
discharge  of  an  ovum  is  left,  except  the  corpus  luteum  in  the 
ovary. 

It  is  obvious  that  in  these  phenomena  of  menstruation  we  have 
to  deal  with  complicated  reflex  actions  affecting,  not  only  the  vas- 
cular supply,  but,  apparently  in  a  direct  manner,  the  nutritive 
changes  of  the  organs  concerned.  Our  studies  on  the  nervous 
action  of  secretion  render  it  easy  for  us  to  conceive  in  a  general 
way  how  the  several  events  are  brought  abouU    \\.S&  \i»  tcwxa 


i 


M 


800 


MENSTKUATION 


ilifficult  to  suppose  that  the  slimiilus  of  ihc  enlur^enieot 
(rraaiGan  follicle  causes  Dutritive  ad  well  as  vascular  chaogee  in 
the  uterine  luncoue  lueiubraue,  Ihnn  it  is  to  suppose  that  the 
stimulus  of  f<x>d  in  the  alimeutary  canal  causes  those  nutritive 
changes  in  theaalivary  glands  or  pancreas  which  constitute  secre- 
tion. In  the  latter  case  we  can  to  some  extent  trace  out  the  chain 
nf  events;  in  the  former  caae  we  hardly  know  more  than  that 
the  maintenance  of  the  lumbar  cord  is  sufficient,  as  far  as  the 
central  nervous  system  is  concerned,  for  the  carrying  on  of  the 
work.  In  the  case  of  a  dog  in  which  the  spinal  cord  had  been 
completely  divided  in  the  doraal  region,  while  the  animal  was  as 
yet  a  mere  puppy,  "  heat  "  or  menstruation  took  plaoe  as  usual. 
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In  coitus  the  discharge  of  the  semen  containing  the  sperma- 
tozoa is  most  "probably  ettifcted  by  means  of  the  peristiiltic  con- 
tractions of  the  vesiciilre  seminales  and  vaea  defornntia,  aAsisted 
by  rhythmical  contraclious  of  the  bulbo-cavernosu*  miiBcle,  the 
whole  being  a  reflex  act,  the  centre  of  which  appears  to  be  in 
the  lumbar  spinal  cord.  ^In  the  dog,  emission  of  semen  can  be 
brought  about  by  stimulation  of  the  glans  penis  a  tier  complete 
division  of  the  spinal  cord  in  the  dorsal  region.  The  emission 
of  semen  is  preceded  by  an  erection  of  the  penis.  This,  we  have 
already  seen,  p.  2o6,  is  in  part  at  least  due  to  an  incrcaae<l  vas- 
cular supply  brought  about  by  means  of  the  uervi  erigentes  ;  it 
is  probable,  however,  that  the  condition  is  further  secured  by  a 
compression  of  the  eflferent  veins  of  the  corpora  cavernosa  by 
means  of  smooth  muscular  fibres  present  in  those  bodies.  The 
semen  being  received  into  the  female  organs,  which  are  at  the 
time  in  a  state  of  turgescence  resembling  the  eroctiun  of  the 
penis,  but  leKs  marked,  the  spermatozoa  Hmi  their  way  into  the 
Fallopian  tubes,  and  here  'probably  in  its  upper  part)  come  in 
contact  with  the  ovum.  In  the  case  of  some  animals  impregna- 
tion may  take  place  at  the  ovary  itself.  The  passage  of  the 
spermatozoa  is  most  probably  effected  mainly  by  their  own 
vibratile  activity  ;  but  in  some  animals  a  retrograde  pexistftltic 
movement  travelling  from  the  uterus  along  the  Fallopian  tubes 
has  been  observed  ;  this  might  assist  in  bringing  the  semen  to 
the  ovum,  but  inasmuch  as  these  movements  are  probably  parts 
of  the  act  of  coitus  anil  iuipregnatiou  may  In?  deferred  till  some 
time  after  that  event,  no  great  siretiis  can  be  laid  i\[nm  them. 

As  the  result  of  the  action  of  thes|>ermatozoa  on  the  ovum,  the 
latter,  instead  of  dying  as  when  impregnalion  fails,  awakes  to 
great  nutritive  activity  accompanied  by  remarkable  morpholo- 
gical change*;  it  enlarges  and  develops  into  an  embryo. 

[Preceding  the  time  of  the  occurrence  of  the  entrance  of  the 
6[}ermatozoon  into  the  egg,  certain  anatomical  changes  have 
been  observed  to  occur,  and  in  order  thnroughiy  to  understand 
these,  as  well  as  the  changed  which  fi^low  in  the  ovum,  it  will 
first  be  necessary  to  review  the  anatomy  of  the  egg. 

The  ovule  is  a  minute  cell,  the  wall  being  fornaed  b^  ^  ^Nx*^^- 
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tureleea,  transparent  membrane,  called  the  zona  pelltieida^  or 
vitelline  membrane.  Within  thia  is  the  yolk,  or  vitellus,  which 
consists  of  a  granular  semifluid  mass,  havinj^  8us|'>en(ied  in  it  n 
nudeu$  or  germinal  vesicle^  containing  a  nucUolus  or  tjenninaf  spot. 
The  germinal  vesicle  consists  of  a  very  delicate  transparent 
homogeneous  membrnne,  which  encloses  a  fluid  with  granules,  and 
suspended  in  it,  an  eccentric  nucleolus  of  a  grauuJHr  and  fibril 
latcd  structure. 

Previous  to  the  occurrence  of  the  impregnation  of  the  ovule 
a  very  iutereating  series  of  changes  have  been  observed  to  take 
place.  According  to  Balfour,'  the  first  interesting  point  to  be 
noticed  is  the  migration  of  the  germinal  vesicle  townrtla  the  cell 
wall.  The  vesicular  wall  then  becomea  wavy  and  gradullv  dis- 
appears, while  at  the  same  time  the  nucleolus  or  germinal  spot 
has  unilergone  metamorphosis,  so  that  what  remains  of  these 
strnoturea  is  a  spindle-shaped  mass.  One  extremity  of  this  mass 
gradually  projects  through  the  cell  wall  and  is  thrown  ofiT  as  a 
polar  vesicle.  From  the  other  remaining  portion  a  second  polar 
vesicle  is  formed,  the  part  of  the  mass  then  remaining  in  the 
ovule  being  permanent,  and  is  called  the  female  prtmut^letu. 
The  next  change  observed  is  the  appearance  of  a  zone,  of  radial 
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Btria  around  the  pronucleus  and  its  migration  to  the  centre  of 
the  egg.  The  spermatozoon  then  penetrates  the  wall  of  the 
ovule,  probably  at  the  point  of  the  formation  of  the  polar 
vesicles.  The  tail  of  the  B|K;rmatozoon  becomes  absorbed,  and 
the  head  is  metamorphosed  into  the  male  pronudnin.  From  iht^ 
male  pronucleus  a  number  (if  radiating  stria>  are  given  off"  in  all 
directions,  and  it  then  migrates  towards  the  female  pronucleus, 
and  afterwards  fuses  with  it,  forming  a  single  or  clr*imtjc  nurl^v^. 
Cleavage  or  segmentation  of  the  vitellu?>  then  begins  (Fig. 
2/)t>),  by  which  procc«s  the  nucleus  thus  formed  divides  into 
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parte,  each  takiug  with  it  half  of  the  vittflline  nitme.  These  iwu 
ilivide  into  four,  aud  theise  four  into  eight,  aud  so  on  indefinitely 
until  an  agglomerate  mass  of  nucleated  ccllti  resultb,  each  of 
which  contains  a  part  of  the  cleavage  nucleus.  This  nmaa  of 
celU  ia  called  the  mulberry  iua»9,  and  the  cells  constituting  it 
arrange  iheinstilves  about  the  interior  of  the  zona  peilucida  and 
form  the  bln^todermic  vtw/e  or  membrnn^.  This  membrane  then 
splits  up  into  two  layers^  the  external  tind  internal;  a  third  or 
middle  layer  being  afterwards  formed  between  them. 

Immediately  after  the  formation  of  the  two  layers  of  blaa- 
tmlerm,  an  opaque  rounded  collection  of  email  cells  occurs, 
called  the  arcn  germii%aii\>a  or  embryonic  spot.    (Fig.  260. _)    This 
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spot  then  becomes  elongated,  and  in  it^  longitudinal  axis  the 
first  trace  of  tlie  embryo  appears  as  a  faint  line,  termed  the 
primitive  trace,  thiH  being  in  the  midst  of  a  clear  elongated  mass  of 
cells,  the  area  pellucidu,  which  is  itself  kiurrounded  by  a  more 
opaque  zone. 

In  front  of  the  prindtive  trace  two  folds  are  formed  from 
which  a  groove  is  prolonged  backwards  in  a  line  with  the  primi- 
tive trace.  Thcsp  folds  gradually  extend  along  the  entire  lenglli 
of  the  groove,  and  form  the  hnUnte  dormles,  which  by  growing, 
project  more  and  more  above  the  groove,  and  gradually  ap- 
proaching each  other,  coalesce  and  enclose  the  neural  canal, 
which  \\ill  afterwards  contain  the  cerebro-spiual  axis.  At  about 
the  same  period  corresponding  to  the  development  of  the  doraal 
lamiufe  similar  laminie  are  given  o(f  from  the  under  surface  of 
the  blaatoderiM.  These  are  the  ^umi/ia;iJert/ra/f«<,  which,  by  gradu- 
ally eiilarging  and  iirially  coalescing,  enclose  the  abdominal 
cavity.  Beneath  the  Hoor  of  the  groove  above  described  a  deli- 
cate whitish  collection  of  cells  appears.  Thin  la  the  chorda  dor- 
9alijf  nr  notochord,  around  which  are  afterwards  developed  the 
bodies  aud  prncci«8e8  of  the  vertebra. 

During  tnis  |>erio<i  other  changes  have  also  taken  place.    The 
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chorion.  During  the  process  of  the  developiuent  of  the  allontoift. 
it  has  become  very  vascular;  at  6rfet  there  are  two  arteriee  aoi) 
two  veins,  ailerwards  one  of  the  veins  disappears.  These  veasels 
coiialitute  the  uiiibilicHl  vosiiels,  furuiiog  part  of  the  umbilical 
cord  which  connccte  the  allanlois  with  the  embryo.  During  the 
development  of  the  allantuis  it  presenlt*  three  distinct  anatomical 
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tul»  In  H*im  pent* iTMl tug  lK>iwii<>ii  i  lu>  oiif^'r  4tiil  f inter  lM.vm  uf  thi>  iiniiiU>tlr  fi>l<U.  Tlil*  nciif«\ 
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flgt.  KB  UiA  aiti,  ill  whirb  will  Iw  fouml  the  ntnicrum  fxtc-ninl  U<  Umk  fbMi. 


portions:  a  portion  which  becomes  eonslricled  off,  as  it  wert», 
from  the  rest  and  forma  the  urinary  bladder;  the  outer  portion 
forma  the  chorion,  the  intermediate  portion  forming  the  umbilical 
cord. 

During  the  development  of  the  embryo  up  to  this  time,  the 
first  chorion  was  formed  by  villosities  formed  on  the  vitelline 
membrane;  and  following  that  by  villositiea  developed  upon  the 
false  amnion.  The  allantoic  then  becoming  developea,  ci>m- 
pictely  covers  tlie  internal  surface  of  the  false  amnion,  which 
then  gradually  disappears  as  a  dislinet  i>tructure.  The  trttc 
chorion  is  then  farmed  by  the  allantois,  which  becomes  covered 
by  a  growth  of  a  multitude  of  vascular  shaggy  tufls  or  rUli 
(Fig.  266}.  These  villi,  at  first,  are  distribiiteil  over  the  entire 
surface  of  the  organ,  but  they  soon  commence  disappearing,  ex- 
cept at  a  small  art^a  corresponding  to  the  attachment  oif  the 
pedicle  which  connects  the  nllanlois  with  the  embryo.  At  this 
point  they  become  greatly  increased  in  number,  au<t  also  in  size 
and  vascularity.  Tlipflc  villi  are  c<mi|M»sed  of  a  fibro-granular 
matrix,  in  which  are  numerous  aipillary  loops,  and  are  covered 
with  a  layer  of  epithelial  cells  (  Fig.  "Mtl),  This  portion  of  the 
chorion  forms  the  fa^tal  portion  of  the  placenta.] 
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No  sooner,  however,  have  these  changes  begun  in  the  ovum 


than  correlative  changes,  brought  about  probably  by  reflex 
action,  but  at  present  most  obscure  in  their  causation,  take  place 
in  the  uterus.  The  mucous  membrane  of  this  organ,  whether 
the  coitus  resulting  in  impregnation  be  coincident  with  :i  men- 
strual period  or  not,  becomes  cougcated,  and  a  rapid  growth  takes 
place,  characterized  by  a  rapiil  proliferation  of  the  epithelial  and 
subepiiheiial  tisyues.    Unlike  the  CAse  of  meufitriiation,  however, 
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this  new  growth  does  riot  give  way  to  immediate  decay  and  hem- 
orrhage, hut  remains,  and  may  be  di&tinguiehcd  as  a  new  temjx)- 
rary  lining  to  the  uterus,  the  so  caIM  decidua.  Into  thisdecidua 
the  ovum,  on  its  descent  from  the  Fallopian  tube,  in  wliich  it 
has  undergone  developmental  changes,  extending  most  probaVdy 
as  far,  at  least,  as  the  formation  of  the  blastoderm,  if  not  further, 
is  received ;  and  in  this  it  becomes  embedded,  the  ^«w  ^w«v>Xx 
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uterine  structures,  especially  the  muscular  liasue,  become  aIm 
much  euiarg^fd ;  as  pr^^naucy  advances  a  large  uamb«r  of  ziev 
muscular  fibres  are  forme^l.  As  the  ovum  oontiuDes  to  iomsse 
Id  size,  it  bulge:»  iulo  the  cavity  of  the  uterus,  carrying  with  it  tl»e 
p(jrtion  of  the  decidua  which  has  closed  over  it.    Hroeelbrward, 

[Fia.  26B. 
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ordiuKly.  a  distinction  is  made  in  the  now  well-developed 
■i<lua  between  the  dccidua  reflcxa^or  that  |>art  of  like  mem- 
brane which  covers  the  projecting  ovum,  and  the  dtridwa  swr*, 
or  the  rest  of  the  roembrnnc  lining  the  cavity  of  the  otenw,  tbe 
two  being  contiououa  round  the  base  of  the  pn>jectuig  OTum. 
That  part  of  the  decidua  which  intervenes  between  tbe  ovam 
and  the  nearest  uterine  wall  is  frequently  spoken  of  as  the  Hatdua 

[Fio.  :»!• 


^rroiinn.  As  the  ovum  develops  into  the  fo?tus  with  its  mem- 
branes, tbe  dei-idua  reflexa  became*  puHhe<l  against  the  decidua 
vera;  about  the  eud  of  the  third  month,  in  the  human  subject, 
the  two  come  in^l  complete  contact  all  over,  and  uiti'  le 

di»tiuction  between  them  is  lost.     In  the  region  of  i;  la 

serotina,  the  allantoic  vessels  of  the  fatus  develop  a  piaceoia. 
[In  the  earliest  stages  of  the  development  of  the  plaoenu,  the 
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delicate  villouB  processes  of  the  choriou  insinuate  themselves  into 
the  byperlrophied  folliolea  of  the  decidua  serot'ma.  The  villi 
then  undergo  a  rapid  iacreaHe  in  size  and  vascularity,  becomiug 
branched  into  secondary  and  tertiary  raniiticHtions  ;  while,  at 
the  same  time,  corresponding  changes  art*  taking  place  in  the 
follicles,  by  which  they  become  greatly  increased  in  size  and 
vascularity,  and  at  the  same  time  forming  diverticula  in  which 
are  eml>eddcd  the  ramifications  of  the  villi.  The  villi  ami  fol 
licles  thus  grow  simultaneously,  and  tlnally  become  blended  with 
each  other  and  are  no  longer  i^eparate  structures.  The  follicular 
bluixlvessels  first  foro)  capillary  plexuses;  these  vessels,  however, 
become  enlarged,  forming  frequent  anastomoses,  and  Bnally 
coalescing  to  form  wnoiw  «mujie*(Fig.  270),  in  which  are  bathed 

Km.  :i70. 
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the  fo'tal  villi  There  is  no  continuity  established  between  the 
fiiaternal  and  freta!  blood;  the  interchange  of  nutritive  material 
necessnry  for  the  growth  and  development  of  the  f<ctU9  takes 
place  through  the  delicate  walls  of  the  villi.] 

l^tr  further  account  of  the  various  changes  by  which  these 
events  are  brought  about,  as  well  as  of  the  history  of  the  embryo 
itself,  we  must  refer  the  reader  to  anatomical  t.i^'Qi.^\«A«. 
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CHAPTER    III. 
THE  NUTRITION  OF  THE  EMBHVO. 

Di'RiN'fJ  the  ilevolopnieut  of  the  chick  witliin  llie  Len'-s  egg  the 
uutritive  muterial  needed  for  the  growth  tin^t  of  the  bla^tiMlerm, 
and  BubBequcntly  of  the  enibrj'o,  is  supplied  by  ihe  yolk,  while 
the  oxygen  of  the  air  passing  freely  through  the  porous  shell, 
gains  access  to  all  the  tissues  both  of  the  enibryoaua  yolk,  either 
directly  or  by  the  intervention  of  the  allantoic  vessels.  The 
luaiumalian  embryo,  during  the  period  which  precedes  the  exten- 
sion of  the  allantoic  vessels  into  the  cavities  of  the  uterine  walls 
to  form  the  placenta,  must  be  nourished  by  direct  diffusion,  first 
from  the  contents  of  the  Fallopian  tul)e,  and  subsequently  from 
the  decidua;  and  its  supply  of  oxygen  must  come  from  the  same 
sources.  All  analogy  would  lead  us  to  suppose  that,  from  the 
very  first,  oxidation  is  going  i»n  in  the  blastodermic  and  embry- 
onic structures;  but  the  amount  of  oxygen  actually  withdrawn 
from  without  is  probably  exceedingly  small  in  the  early  stages, 
seeing  that  nearly  the  whole  energy  of  the  metabolism  going  on 
is  directed  to  the  building  up  of  structures,  the  expenditure 
of  energy  in  the  form  of  either  heat  or  external  work  being  ex- 
tremely small.  The  marked  increase  of  bulk  which  takes  place 
during  the  conversion  of  the  mulberry  mnBs  into  the  blastoder- 
mic vesicle,  shows  that  at  this  epoch  a  relatively  speaking  large 
quantity  of  water  at  least,  and  probably  of  nutritive  matter, 
must  pass  from  without  into  the  ovum;  and  subsequently,  though 
the  blastoderm  and  embryo  may  forwinjc  time  draw  the  material 
for  their  continued  construction  at  tirst  hand  from  the  yolk-sac 
or  umbilical  vesicle,  both  this  and  they  continue  probably  until 
the  allantois  is  formed  to  receive  fresh  muterial  from  the  mother 
by  direct  diffusion. 

As  the  tliin-wulled  allantoic  vessels  come  into  closer  and  fuller 
connection  with  the  maternal  uterine  sinuses,  until  at  laat  in  the 
fully  formed  placenta  the  former  are  freely  batheiJ  tn  the  blood 
streaming  through  the  latter,  the  nutrition  of  the  embryo  becomes 
more  and  more  confined  to  this  special  channel.  The  blood  of 
the  faHus  flowing  along  the  umbilical  arteries  effecta  exchanges 
with  the  venous  blood  of  the  mother,  an*!  leaves  the  plat^nta  by 
the  umbilical  veiu  richer  in  oxygen  and  nutritive  material  and 
poorer  in  carbonic  acid  and  excretory  products  thuu  when  it 
UBued  from  the  fwtus. 
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As  far  as  the  gain  of  oxygen  and  tbe  lo&e  of  carbonic  acit)  are 
concerned,  these  are  the  results  of  aiinplo  diffusion.  Venous 
blood,  as  we  have  already  seen,  always  cuntaius  a  quantity  of 
oxyhasmoglobiu,  and  tbe  ^(uantity  of  this  substaucc  present  in 
the  blood  of  tbe  uterine  veins  issufficient  to  supply  all  the  oxyseu 
that  the  embryo  needs;  the  blood  of  the  fcetus,  coutaiDtugTefs 
oxygon  than  even  the  venous  blood  of  the  mother,  will  take  up  a 
certain  though  small  quantity.  The  fretal  blood  travelling  in 
ihe  umbilical  artery  niuatj  in  proportion  to  the  extent  of  the 
nutritive  changes  going  on  in  the  embryo,  possess  a  bightr  car- 
bouic  tension  than  that  in  the  umbilical  vein  or  uterus  sinus; 
and  by  diffusion  gets  rid  of  this  surplus  during  its  stay  in  the 
placenta.  The  blood  in  the  umbilical  arteries  and  veins  is  there- 
fore, relatively  speaking,  venous  and  arterial,  respectively,  though 
the  small  excess  of  oxyhiemogiobin  in  the  blood  of  the  umbilical 
vein  ia  iusutlicieut  to  give  it  a  liistiuctly  arterial  color,  or  ta 
distinguish  it  as  sharply  from  the  more  venous  blotMl  of  tbe 
umbilical  artery,  as  is  ordinary  arterial  from  ordinary  venous 
blood.  Thus,  the  fictus  breathes  by  means  of  the  maternal  blood, 
in  the  same  way  that  a  fish  breathes  by  means  of  the  wat€r  in 
which  it  dwells. 

The  blood  of  the  ftetus  is  very  poor  in  hcemoglobin  corre- 
sponding to  its  low  oxygen  consumption.  When  the  mother  is 
asphyxiated,  the  foetus  is  asphyxiated  too,  the  oxygen  of  the 
latter  passing  back  again  into  the  blood  of  the  former;  and  the 
asphyxia  thus  produced  in  the  foetus  is  much  more  rapid  than 
that  which  results  when  the  oxygen  is  used  up  by  the  tissues  of 
the  f(etus  alone,  as  when  the  umbilicus  is  ligatured  and  the  foetus 
not  allowed  to  breathe. 

If  oxygen  and  carbonic  acid  thus  pa^s  by  diffusion  to  and  from 
the  mother  and  the  fcetus,  <me  might  fairly  expect  that  diffusible 
salts,  proteids,  and  carbohydrates  would  be  conveyed  to  the  latter, 
and  diffusible  excretions  carried  away  to  the  former,  in  the  same 
way;  and  if  fats  can  pass  directly  into  the  portal  blood  during 
ordinary  digestion,  there  can  be  no  reason  for  doubting  that  this 
class  of  foodstuffs  also  would  find  its  way  to  the  fa^tus  through 
the  placental  structures.  We  do  know  from  experiment  that 
diffusible  substances  will  pass  both  from  the  mother  to  the  frptus, 
and  from  the  tVelus  to  the  mother;  but  we  have  no  definite 
knowledge  as  to  the  exact  form  and  manner  iu  which,  during 
normal  intrauterine  life,  nutritive  materials  are  conveyed  to  or 
excretions  conveye<l  from  the  growing  young.  The  placenta  is 
remarkable  for  the  great  development  of  cellular  structures, 
apparently  of  an  epithelial  nature,  on  the  border-land  between 
the  maternal  and  foetal  elements;  and  it  has  been  suggested  that 
these  form  a  temporary  digestive  and  secretory  (excrett>ry)  orgp.a. 
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But  we  have  no  exact  knowledge  of  what  actually  does  take 
place  in  these  structurea.  From  the  cutyledona  of  ruminants 
may  be  obtained  a  white  creamy- looking  fluid,  which  from  many 
features  of  its  chemical  composition  might  be  almost  spoken  of 
aa  a  "  uterine  milk." 

Speaking  broadly,  the  foetus  lives  on  the  blood  of  its  mother, 
very  much  in  the  same  way  aa  all  the  liasues  of  any  animal  live 
on  the  blood  of  the  body  of  which  they  are  the  parts. 

For  a  long  lime  all  the  embryonic  tiasues  are  "  protoplasmic  " 
in  character ;  that  is,  the  gradually  differentiating  elemenls  of 
the  several  tissues  remain  still  embedded,  so  to  speak,  in  undif- 
ferenttAted  protoplasm  ;  and  during  this  period  there  must  be  a 
general  slmihirity  in  the  metabolism  going  on  in  various  parts  of 
the  botiy.  As  differentiation  becomes  more  and  more  marked, 
it  obviously  would  be  an  economical  advantage  for  partially 
elaborated  material  to  be  stored  up  iu  various  fwtal  tissues,  so  as 
to  be  ready  for  immediate  use  when  a  demand  arose  for  it,  rather 
than  for  a  special  call  to  be  made  at  each  occasion  upon  the 
mother  for  comparatively  raw  material  needing  subsequent  pre- 
paratory changes.  Accordingly,  we  find  the  tissues  of  the  foetus 
at  a  very  early  period  loaded  with  glycogen.  The  muscles  are 
especially  rich  in  this  sul>8tance,  but  it  occurs  in  other  tissues  as 
well.  The  abundance  (d*  it  iu  the  former  may  be  explained 
partly  by  the  fact  that  they  form  a  very  large  proportion  of  the 
total  mass  of  the  fcetal  Imdy,  and  partly  by  the  fact  that,  while 
during  the  presence  of  the  glycogen  they  contain  much  undif- 
ferentiated protoplasm,  they  are  exactly  the  organs  which  will 
ultimately  undergo  a  large  amount  of  differentiation,  and,  there- 
fore, need  n  large  amouut  of  material  for  the  metabolism  which 
the  differentiation  entails.  It  is  not  uutil  the  later  stages  of 
intrauterine  life,  at  about  the  fiOh  month,  when  it  is  largely 
disappearing  from  the  muscles,  that  the  glycogen  begins  to  be 
deposited  iu  the  liver.  13y  this  time  histologicAl  differentiatioD 
has  advanced  largely,  and  the  use  of  the  glycogen  to  the  economy 
has  l}ecome  that  to  which  it  is  put  in  the  ordinary  life  of  the 
animal ;  hence  we  t^nd  it  deposited  in  the  usual  place.  Besides 
being  present  in  the  facial,  glycogen  is  found  also  in  the  placental 
structures;  but  here,  probably,  it  is  of  use.  not  for  the  fietus,  but 
fur  the  nutrition  and  growth  of  the  placental  structures  them- 
selves. We  do  not  know  how  much  carbohydrate  material  finds 
its  way  into  the  umbilical  vein  ;  and  we  cannot,  therefore,  state 
what  is  the  source  of  the  frctal  glycogen  ;  but  it  is  at  least  pos- 
sible, not  to  any  probable,  that  it  arises,  in  part  at  all  events, 
from  a  splitting  up  of  proteid  material. 

Concerning  the  rise  and  development  of  the  functional  activl* 
tin  of  the  embryo,  our  knowledge  is  almost  a  blank.     We  know 
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scarcely  anythitig  ab<mt  the  various  steps  by  which  the  primfiry 
t'uiulameutul  qualities  of  the  pmtoplasm  nt"  the  ovum  nro  (iiffer- 
eutiated  into  ihe  complex  phenomena  which  we  have  attempted 
in  thin  book  to  ex[>ound.  We  can  hanlly  state  more  than  that 
while  muscular  contractility  hecomes  early  (ieveUt[>e<l,  and  the 
heart  probably,  ae  in  the  chick,  beats  even  before  the  blood-cor- 
puscies  are  formed,  niovementa  of  the  fcetus  do  not,  in  the  human 
subject,  become  pronounced  until  after  the  fifth  month;  from 
that  time  forward  they  increase  and  subsequently  become  very 
marke<l.  They  are  often  8j)oken  of  as  reflex  in  character;  but 
only  a  preconceived  bias  would  prevent  them  from  being  re- 
garded iw  largely  automatic.  The  digestive  functions  are  natu- 
rally, in  the  absence  of  all  food  from  the  alimentary  canal,  in 
abeyance.  Though  pepsin  may  be  ft>und  in  the  gastric  mem- 
brane at  about  the  fourth  month,  it  is  doubtful  whether  a  truly 
peptic  gastric  juice  is  secreted  during  intrauterine  life;  trypsin 
appears  in  the  pancreas  somewhat  later,  but  an  amylolytic  fer- 
ment cannot  be  obtained  from  that  organ  till  alter  birth.  The 
date,  however,  at  which  these  several  ferments  make  their  ap- 
pearance in  the  embryo  appears  to  differ  in  diflerent  animals. 
The  excretory  functions  of  the  liver  are  developed  early,  and 
about  the  third  month  bile-pigment  and  bile-salts  find  their  way 
into  the  intestine.  The  quantity  of  bile  secreted  during  intra- 
uterine life,  accumulates  in  the  intestine  and  especially  in  the 
rectum,  forming,  together  with  the  smaller  secretion  of  the  rest 
of  the  canal,  and  some  desquamated  epithelium,  the  so-called 
meconium.  Bile-salts,  both  unaltered  and  variously  changed, 
the  usual  bile-pigments,  and  chv)Ieateriu,  are  all  present  in  the 
meoontutn.  The  distinct  formation  of  bile  is  an  indication  that 
the  products  of  fietal  metabolism  are  no  longer  wholly  carried 
off  by  the  maternal  circulation ;  and  to  the  excretory  function  of 
the  liver  there  are  now  added  those  of  the  akin  and  kidney.  The 
substances  escaping  l)y  these  organs  find  their  way  into  theallan- 
tois  or  into  the  amnion,  according  to  the  arrangement  of  the 
fdttal  membranes  in  different  classes  of  animals;  in  both  these 
fluids  urea  or  allied  bodies  have  been  found  as  well  as  the  ordi- 
nary saline  constituents;  the  latter  may  or  may  not  have  been 
actually  secreted.  From  the  allantoic  fluid  of  ruminants  the 
body  atlantoin  has  been  obtained,  and  human  and  other  amni- 
otic fluids  have  been  found  to  contain  urea.  It  is  maintained  by 
some,  however,  that  the  flu!<l  in  the  amnion  is  secreted  by  the 
mother,  and  that  heuce  the  substances  present  in  it  are  of  maternal 
origin. 

About  the  middle  of  intranterine  life,  when  the  f<vta1  circula- 
tion (Fig.  '^71")  is  in  full  development,  the  blood  flowing  along 
the  umbilical  vein  is  carried  chiefly  by  the  ductus  venosus  into 
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Iilacnuo  uf  Uio  riL'bil  c'ireiilutltiu.  1,  Ihc  nmliUlcnl  euni,  mitflMiDg  "T  iho  iinilrilii«l  ^i 
•UKt  tiri>  amMllrril  lUlj^rlM,  itrncnMlnR  IVdid  tlitf  ptiurcnta  '  'i) ;  :i,  Oir  umliilt'-ml  Vf  In  dlTbltng 
into  thtvv  Imiirlirv,  Iwn  (4,  1)  ti>  W  ilivtrilrtilnl  Ui  llir  tlrnr,  »n<l  tinr>  (.*•  .  the  •liwtii*  TntMW*^ 
«hlch  «iit«r>  tlir  UihriuT  rona  rnTn'^^;  7,  Um  purUI  vnlii,  n*|itrf)lDg  tli"  M«n>rl  fViwi  dw 
liittwIlitiA.  aikI  uiiltlriK  with  tho  rl^tht  h«|Atk  brvm-b  ;  m,  tt»o  riftlit  lUiHrlc  ;  tlir  i-uunn  at  th« 
bloott  (a  •IrautiMl  li;  t))e  Mrniw  pmcMNlifig  fnmi  h  lit  \t,  titr  Irft  kurlrlK  ,  ID.  llii>  Wti  Ttfutrla^lr  . 
Uio  htt.tod  rollowlris:  Hit*  Krr.iw  to  the  anii  of  tlio  mtrlji  (11),  )«>  !•«•  JlMnlHirnl  ihrouffli  Um 
linmrliw  Klvon  of?  by  thi>  ll^'b  to  thx  lie^t  »ntl  it)i[H>r  fitr«niltl«« ;  tli«  Km>w«  IS  tatd  13  n>p> 
ro^^itt  tlio  rvdirh  nf  tlM<  Mih^I  fpiiii  tho  hmil  Ntiil  ii|itn>r  nxtr<'mlUi<»  tjirviusli  tlin  Jqpilar  ahJ 
«ui>:Uviaii  vi*liw  l»  the  ni|Mirit>r  thiia  i-jivb  (U),  ti  llio  rtgbl  fturiclr  \i*\  hihI  III  lli>*  cmuw  tj 
tUv  ittniW    lliniiiKti   ihr    righl  tronlrl'lo  (t'«|.  l>i  thr  |iuliit>mMr7  artifrT   |l<ri;   IT,  tl)t<  ilnrtiM 

it.rt<'rl<wiia.  whkh  NitiMMin  (.i  l«>  «  pn.|»«T>oi.riiiuuiKni  uf  the  ptilrriKiuirr  •iiirj  .  iHc  •tft»^*  aI 
ow.'k  ajir*  hfv  titfi  Htilii  HtKl  Inft  i>nlimiiiiir>  artorliw  cut  off.  ni"*  *liHtii«  itrit>rt<«u*  Jntn*  Ui" 
^nilliii:  •ii>r1ii  \it*,  iNf,  wlilrli  •llvMtM  liiU>  tli«  rtinim<>D  illiu^  mi><1  lli*«i>  lnl«  Uii>  lBb*nwl 
Uhm,  Mhtch  liTH-oinA  ||i<<  umbilli-Ml  Hrti>H4>*{11i>,  uiil  fvhirii  tiir  Mitol  slonit  tW  amhillnbl  ruHl 
!•■  tti»>  plomtiln,  Ahtl  iiip  rtti-rtwl  IIUu  |!0ii],  Mhlrb  arn  <-wnUnu>*(l  liil»  Ibv  lnwrr  t<jiitvnUU«iK. 
Tlni  »irn>«ft  «l  lliti  I HTtiii nation  .-f  Ibr**  V)<mr>lii  mark  tin*  n'tnrit  «tf  tlw  *nii».»»  U.»««!  hj  |W 
»«lii»  III  Ihr  Inrvrinrfnta.] 
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the  inferior  vena  cava,  and  ao  into  the  right  auricle.  Thvuce  it 
itf  Jirectetl  by  the  valve  of  £ut<tachius  through  the  tbraiiien 
ovale  into  the  \c.i\  auricle,  passing  from  which  into  the  left  ven- 
tricle it  is  ilriveu  into  the  aorta.  Part  of  the  umbilical  blond, 
however,  instead  of  piuysing  directly  to  the  inferior  cava,  enters 
by  the  portal  vein  iuto  the  hepatic  circulation,  from  which  it  re- 
turuH  to  the  inferior  cava  by  the  hepatic  veina.  The  inferior 
cava  alao  contains  blood  coming  from  the  lower  limbs  and  lower 
trunk.  Hence,  the  h]<xKl  which  pagfiiug  from  the  right  auricle 
iuto  the  loft  auricle  through  the  foramen  ovale  ia  distributed  by 
the  left  ventricle  through  the  aortic  arch,  though  chiefly  blood 
coming  direct  friuii  the  placenta,  ia  alno  blood  which  on  its  way 
from  the  placenta  has  ]>as8ed  through  the  liver  and  blood  derived 
from  the  tieeues  of  the  lower  part  of  the  body  of  the  ftetus.  The 
blood  descending  as  fa'tal  venous  blood  from  the  head  and  limbs 
by  the  superior  vena  cava  does  not  mingle  with  that  of  the  in- 
ferior vena  cava,  but  falls  into  the  right  ventricle,  from  which  it 
is  discharged  through  the  ductus  arteriosus  (Botallii  into  the 
aorta,  below  the  arch,  whence  it  dows  partly  ti>  the  lower  trunk 
and  limbs,  but  chietly  by  the  umbilical  arteries  to  the  placenta. 
A  small  {quantity  only  of  the  contents  of  the  right  ventricle 
finds  its  way  into  ihc  lungs.  Mow,  the  blood  which  comes  from 
the  placenta  by  the  umbilical  vein  direct  into  the  right  auricle 
ia,  aa  far  as  the  foetus  is  concerned,  arterial  blood;  and  the  por- 
tion of  umbilical  blood  which  traverses  the  liver  probably  loses 
at  this  epoch  very  little  oxygen  during  ita  transit  through  that 
gland,  the  liver  being  at  this  period  a  simple  excretory  rather 
than  an  actively  metabolic  organ.  Hence,  the  blood  of  the  in- 
ferior vena  cava,  though  mixed,  is,  on  the  whole,  arterial  blood  ; 
and  it  is  this  blood  which  is  sent  by  the  left  ventricle  through 
the  arch  of  the  aorta  into  the  carotid  and  subelavian  arteries. 
Thus,  the  head  of  the  foitus  is  provided  with  blood  comparatively 
rich  in  oxygen.  The  blood  descending  from  the  head  and  upper 
limbs  by  the  superior  vena  cava  is  distinctly  venous;  and  this 
passing  from  the  right  ventricle  by  the  ductus  arteriosus  ia  driven 
along  the  descending  aorta,  and  together  with  some  of  the  blood 
passing  from  the  left  ventricle  round  the  aortic  arch  fulls  Into 
the  umbilical  arteries  and  so  reaches  the  placenta.  The  fa4al 
circulation  then  is  so  arranged,  that  while  the  most  distinctly 
venous  blood  is  driven  by  the  right  ventricle  back  to  the  placenta 
to  be  oxygenated,  the  most  distinctly  arterial  i  but  still  mixed) 
blood  is  driven  by  the  left  ventricle  to  the  cerebral  structures, 
which  have  more  need  of  oxygen  than  have  the  other  tissues. 
Contrary  to  what  takes  place  afterwards,  the  work  of  the  right 
ventricle  is  in  the  fa*tus  greater  than  that  of  the  left;  and,  ac- 
cordingly, that  greater  thickness  of  the  left  ventricular  walls,  ao 


816 


THE    NUTRITION    OF    TUB    KMBRYO 


characteristic  of  the  adult,  does  not  become  market]  until  cla«e 
upon  birth. 

In  the  later  stages  of  pregnancy  the  mixture  of  the  variuus 
kinds  of  blowi  in  the  right  auricle  incrvases  prejsaraLory  to  the 
changes  taking  place  at  birth.  IJut  during  the  whole  lime,  of 
intrauterine  life  the  ninouut  of  oxygen  in  the  blood  pasaiog 
from  llie  aortic  arch  to  the  medulla  oblongata  is  RufficieiU  to 
prevent  any  insj>iratory  impulses  being  originated  in  the  me<lul- 
tary  respiratory  centre.  This  during  the  whole  period  elapsing 
between  the  date  of  its  structural  cstablieliraent,  or  rather  the 
consequent  full  development  of  its  irritability,  and  the  cpc>ch  of 
birth,  remains  dormant ;  the  oxygen  supply  to  the  protoplasm  of 
its  nerve-cella  is  never  brought  so  low  as  to  set  going  the  respir- 
atory molecular  explosions.  As  soon  however  as  the  intercourse 
between  the  maternal  and  umbilical  hood  is  interrupted  by  sepa- 
ration of  the  placenta  or  by  ligature  of  the  umbilical  cord,  or 
when,  as  by  the  death  of  the  mother,  the  umbilicul  bloo4l  ceases 
to  be  replenished  with  oxygen  by  the  maternal  blood,  or  when  in 
any  other  way  blood  of  sufficiently  arterial  ouality  ceases  to  find 
its  way  by  the  left  ventricle  to  the  medulla  oblongata,  the  supply 
of  oxygen  in  the  respiratory  centre  sinks,  and  when  the  fall  has 
reached  a  certain  point  an  impulse  of  inspiration  is  generated 
and  the  foetus  for  the  first  time  breathen.  This  action  of  the 
respiratory  centre  may  be  assisted  by  adjuvant  impulses  reach- 
ing the  centre  along  various  aHerent  nerves,  such  as  those  started 
by  exposure  of  the  body  to  the  air,  or  to  cold ;  but  these  are 
Bubordinate,  not  essential.  A  retarded  first  breath  may  be 
hurried  on  by  dashing  water  on  the  face  of  the  new-born  inlant; 
but  on  the  other  hand,  the  tVetus,  upon  the  cessation  of  the 
placental  circulation,  will  make  its  first  respiratory  muvemeEits 
while  it  is  still  inveete«l  with  the  intact  membranes  and  thus 
sheltered  from  the  air  txnd  indeed  from  all  external  stimuli. 

Before  this  first  breath  is  taken  the  ])ulnionary  alveoli  contain 
no  air,  and  ihe  lungs  when  thrown  into  water  sink  at  once;  they 
are  then  saiil  to  be  "atelecUtic."  After  the  first  breath,  the 
alveoli  contain  air  and  the  lungs  float  when  thrown  into  water. 
A  striking  difference  however  exists  between  the  lungs  of  a  neW" 
born  infant  and  those  of  an  older  perwn.  When  the  pleural 
cavity  of  the  former  is  opened,  the  lungs  dv>  not  collapse,  no  wr 
IS  driven  out  by  the  trnchea ;  that  partial  distention  of  thr 
lungs,  and  negative  thtiracie  pressure,  which  we  studied  (  p.  43*i) 
in  treating  of  respiration,  appears  not  to  l>e  established  imtoc- 
diately  upon  hirth.  That  portion  of  the  residual  air  ip.  :i80)  in 
the  lun^  oi  the  adult,  which,  remaining  after  the  most  forcible 
Mpiratiun,  13  enn  ^^j^^^^  ^^^^^^  ^^^  y^^^^  ^^^^^^  ^^^  pleural  cavitv 
oemg  laid  open,  and  which  might  be  called  •'oollai)«e  lur,"  L 
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wanting  in  the  new-born  infant.  When  the  ohftnge  from  on< 
condition  to  the  oiher  is  etftcted  ie  not  at  present  known  ;  it  roaj 
poesibly  arise  from  the  growth  of  the  chest  outstripping  that  o 
the  lungs. 

When  the  first  breath  is  taken,  iis  under  normal  circumstancei 
it  is,  with  free  acoesa  to  the  atmosphere,  and  the  lungs  becomi 
filled  with  air,  the  scaniy  supply  of  blood  which  at  the  momen 
was  passing  from  the  right  ventricle  along  the  piilinouury  arterj 
returns  to  the  left  auricle  brighter  and  richer  in  oxygen  thai 
ever  was  the  fivlal  blood  before.  With  the  diminution  of  re 
sislancc  in  the  pulmonary  eireulation  cau&ed  by  (he  expansioi 
of  the  thorax,  a  larger  supply  of  blood  passes  into  the  pulmonan 
artery  instead  of  into  the  ductus  arteriosus,  and  this  derivatioi 
of  the  contents  of  the  right  ventririe  increasing  with  the  con 
tinned  respiratory  movemeuts,  the  current  through  the  latte 
canal  at  last  ceases  altogether,  and  its  channel  shortly  aftc 
birth  becomes  obliterated.  Corresponding  to  the  greater  flo> 
into  the  pulmonary  artery,  a  larger  and  larger  (luimiity  of  blooi 
returns  from  the  pulmonary  veifiB  into  the  left  auricle.  At  thi 
Slime  time  the  current  through  the  ductus  venosus  from  th 
umbilical  vein  having  ceased,  the  tlow  from  the  inferior  cav 
has  diminished  ;  and  the  blood  of  the  right  auricle  finding  littl 
resistance  in  the  direction  of  the  ventricle,  which  now  readily  dit 
charges  its  contents  into  the  pulmonary  artery,  but  finding  ti 
the  letl  auricle,  which  is  continually  being  filled  from  the  lungi 
an  obstacle  to  its  ])a8sage  through  the  foramen  ovale,  ceasea  i 
lake  that  course.  Any  return  of  blood  from  the  now  vigorou 
and  active  \ei\  auricle  into  the  right  auricle  is  prevented  by  th 
valve  which,  during  the  latter  stages  of  intrauterine  life,  ha 
been  growing  up  in  the  left  auricle  over  the  foramen  ovale.  A 
birth  the  edge  of  this  valve  is  to  a  certain  extent  free,  so  that,  i 
case  of  an  emergency,  as  when  the  pulmonary  circulation  is  oil 
structed,  a  direct  esca|>e  of  blootl  into  the  left  auricle  from  tfa 
over-burdened  right  auricle  can  take  place.  Eventually,  in  th 
course  of  the  first  year,  adhesion  takes  place,  and  tlie  separatio 
of  the  two  auricles  becomes  complete.  With  its  larger  suppi 
of  blood  and  greater  work  the  leu  ventricle  acquires  the  greatii 
thickness  characteristic  of  it  during  life.  Thu:}  the  ftL^tal  circi 
lation.  in  consequence  of  the  respiratory  movements  to  which  ii 
interruption  gives  rise,  changes  ita  course  into  that  charactcrist 
of  the  adult. 
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CHAPTEH  IV. 
PARTURITION. 


In  spite  of  the  iuoreaBing  distention  of  ita  cavity,  the  uterus 
remains  quiescent,  aii  far  aa  any  markctl  musculBr  contractions 
are  concerned,  until  ti  certain  time  has  been  run.  In  the  human 
fiubject  the  period  of  gestation  generally  lasta  from  275  to  280 
days — 1.  e.,  about  40  weeks,  the  general  custom  being  to  expect 
purturitiou  at  about  280  days  from  the  last  menstruation.  Seeing 
that,  in  many  cases,  it  is  uncertain  whether  the  ovum  which 
develo|)6  into  the  embryo  left  the  ovary  at  the  menstruation, 
precedmg  or  succeeding  coitus,  or,  as  some  have  urged,  inde- 
pendent of  menstruation,  by  reason  of  the  coitus  itself,  an  exact 
dctcnniuation  of  the  duration  of  pregnancy  is  im[>u6sible. 

In  the  cow  the  period  of  gestation  is  about  2^0  dn}'*,  in  the 
mare  about  350,  sheep  about  150  days,  dog  about  t>0  days,  rabbit 
about  30  days. 

The  extrusion  of  the  foetus  is  brought  about,  partly  by  rhyth- 
mical contractions  of  the  uterus  itself,  und  partly  by  a  pressure        j 
exerte<l  by  the  cnnlractiou  of  the  abdoniinal  muscleit,  similar  to  ^M 
that  described  in  defecation.     The  eoutnictions  of  the  utcnis  ^^ 
are  the  first  to  appear,  and  their  tirst  effect  is  to  bring  about  a 
dilation  of  the  os  uteri;  it  is  not  till  the  later  stages  of  labor, 
while  the  futus  is  passing  into  the  vagina,  that  the  abdominal 
muscles  are  brought  into  play. 

The  whole  process  of  parturition  may  be  broadly  considered 
as  a  rcilex  act,  the  nervous  centre  l>eing  placed  in  the  lumbar 
cord.  In  a  dog,  whose  dorsal  cord  had  been  c<iuipletely  severcti, 
parturition  took  place  as  usual ;  and  the  fact  that,  in  the  human 
subject,  labor  will  progress  f|uite  naturally  while  the  patient  is 
unconscious  from  the  ndmiuistration  of  chloroform,  shows  that  in 
woman  also  the  whole  matter  is  an  involuntary  action,  however 
much  it  may  be  nf«iBtc»d  by  rliiect  volitional  efforts.  That  the 
uterus  is  capable  of  being  thrrfwn  into  contractions  through  reflex 
action,  excited  by  stimuli  applied  t<j  various  atlerent  nerves,  ii 
well  known.  The  contraction  of  the  uterus,  which  is  so  neceft- 
sary  for  the  prevention  of  hemorrhage  after  delivery,  may  fre- 
quently be  brought  about  by  exerting  pressure  or  ny  daahingj 
cold  water  (»n  the  ah<lomen,  by  the  intnKtuction  of  foreign  bodieij 
into  the  vagina,  and  especially  by  putting  the  child  to  the  nipple. 
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And  we  learn  from  experiments  on  animals  that  rhythmio  con- 

tractions  of  the  uterusi  resembling  at  least  those  of  parturition, 
may  he  brought  about  in  a  reflex  manner  by  stimiilaiing  various 
afferent  nerves.  Similar  movements  may  be  iuduceil  by  direct 
stimulation  of  thu  spinal  cord  along  its  whole  length,  a^  well  as 
of  various  parts  nf  tlie  braiu ;  but  there  are  reasons  for  thinkiug 
that  in  thutje  cases,  the  impulses  started  in  the  braiu,  and  uppier 
part  of  the  spinal  cord,  |>roduce  their  effects  by  working  upon 
what  may  be  calleil  a  "parturition'*  centre  in  the  upper  lumbar 
regions  of  the  cord.  An<l  it  would  appear  that  the  uterine  con- 
tractions which  ure  induced  by  such  drugs  as  ergot,  as  well  as 
those  caused  by  asphyxia,  are,  at  all  events  in  part,  brought 
about  by  the  agency  of  the  same  lumbar  centre.  From  tnis 
centre  the  paths  for  the  efferent  impulses  appear  (in  the  dogj  to 
be  twofold  :  one  along  sympathetic  tracts,  by  nerves  parsing  from 
the  inferior  mesenteric  ganglion  to  the  hypogastric  plexus,  and 
the  other  ulung  spinal  tracts  by  branches  of  the  sacral  nerves  to 
the  same  plexus.  It  is  stated  that  the  characters  of  the  move- 
ments induced  by  stimulating  thcne  two  tracts  are  somewhat 
different,  and,  moreover,  that  ihe  sympathetic  tract  is  vaso-con- 
strictor  and  the  spinal  tract  vaso-dilator  in  nature;  but  the 
matter  has  not  yet  been  fully  worked  out. 

We  are,  however,  hardly  justified  in  considering  the  rhythmi- 
cal contractions  of  the  uterus  during  parturition  as  simple  reflex 
acts  excited  by  the  presence  of  the  fcetus.  We  are  utterly  in  the 
dark  as  to  why  the  uterus,  after  remaining  apparently  perfectly 
ipiiescent  (or  with  contraction  so  slight  a.^  to  be  with  difficulty 
appreciated)  for  months,  is  suddenly  thrown  into  action,  and 
within  it  may  be  a  few  hours  or  even  leas,  get.s  rid  of  the  burden 
it  has  borne  with  such  tolerance  for  so  long  a  time ;  none  of  the 
various  hypotheses  which  have  been  put  forward  can  be  con- 
sidered as  sat i.<t factory.  And  until  we  know  what  starts  the 
active  phase,  we  shall  remain  in  ignorance  of  the  exact  manner 
in  which  the  activity  is  brought  about.  The  peculiar  rhythmic 
character  of  the  contractions,  each  "pain"  beginning  feebly, 
rising  to  a  maximum,  then  declining,  and  finally  dying  away 
altogether,  to  be  succeeded  afler  a  pause  by  a  similar  pain  just 
like  itself,  pain  following  pain  like  the  tardy  long-drawn  beats 
of  a  slowly  beating  heart,  suggests  that  the  cause  of  the  rhyth- 
mic contraction  is  seated,  like  that  of  the  rhythmic  beat  of  the 
heart,  in  the  organ  itself  And  this  view  is  supported  by  the 
fact  that  contractions  of  the  uterus,  similar  to  those  of  partu- 
rition, have  been  observed  in  animals  even  after  complete  destruc- 
tion of  the  spinal  cord  ;  and  the  movements  induced  by  asphyxia 
aeem  in  part,  aurl  those  caused  by  some  drugs  such  as  ammonia, 
seem  to  be  wholly  due  to  an  intrinsic  action  of  the  uterus  itself. 
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Nevertheleas  genera]  evidence  supports  the  conclusion  that,  i; 
normal  etate  of  things  at  all  event?,  the  contractions  uf  the 
uterus,  like  thoee  of  the  lymph-he&ru,  are  largely  dependent  on 
the  spinal  cord. 

The  occurrence  of  oontructions  in  consequence  of  an  asphyxi- 
ated condition  of  the  hlo4>d.  explains  why  when  pregnant  animals 
are  asphyxiated,  an  extruBit)n  of  the  ficlus  frequently  takes  place. 
There  is  no  evidence,  however,  that  the  onset  of  labor  is  caused 
by  a  gradual  diminution  of  oxygen  in  the  blood,  reaching  at  last 
to  a  climax.  Nor  are  there  sufficient  facts  to  connect  parturition 
with  any  condition  of  the  ovary  resembling  that  of  menstruation. 

The  action  of  the  abdominal  muscles  in  parturition  is,  on  the 
other  hand,  obviously  a  reflex  act  carried  out  by  means  of  the 
spinal  cordf  the  necessary  stimulus  being  supplied  by  the  prea- 
sure  of  the  fcetus  in  the  vagina,  or  by  the  contractions  ot  the 
uterus.  Hence,  the  whole  act  of  parturition  may  with  reason  be 
considered  as  a  reflex  one. 

Whether  it  be  wholly  a  reflex  or  partly  an  automatic  one,  the 
act  can  readily  be  inhibited  by  the  action  of  the  central  nervous 
system.  Thus,  emotions  are  a  very  frequent  cause  of  the  progress 
uf  parturition  being  suddenly  stopped;  as  is  well  known,  the 
entrance  into  the  bedroom  of  a  stranger  often  causes  for  a  time 
the  sudden  and  absolute  cessation  of  "  labor*'  pains,  which  pre- 
viously may  have  been  even  violent.  Judging  from  the  analogy 
of  micturition,  between  which  and  parturition  there  are  many 
points  of  resemblance,  we  may  suppose  that  this  inhibition  of 
uterine  contractions  is  brought  about  by  an  inhibiiion  of  the 
centre  in  the  lumbar  cord. 

After  the  expulsion  of  the  fnptng,  the  fflptal  placenta  separatee 
from  the  uterine  walls,  and  is,  together  with  the  remnants  nf  the 
membranes,  expelled  after  it.  The  uterus  then  falls  into  u  firm 
t<mic  contraction,  similar  to  that  of  the  emptied  bladder,  by  which 
means  hemorrhage  from  the  vessels  torn  by  the  separation  of  the 
placenta  is  avoided.  The  lining  membrane  of  the  ntenis  is  grad- 
ually restored,  the  muscular  element*  are  reduced  hy  a  rapid 
fatty  degeneration,  and  in  a  short  time  the  whole  organ  fkiis 
returned  to  its  normal  condition. 
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CHAPTER   V. 


THE  PHA8r>^  OF  LIFK. 

TuE  child  has  at  birth,  on  an  average,  rulhar  less  than  uue- 
third  the  maxiruuin  Icngth.and  about  one-twentieth  the  maximum 
weight,  1*1  which  iu  future  years  it  will  attain. 

The  coinpoaition  iif  the  budy  of  the  new-born  bube,  as  com- 
pared with  that  of  the  adult,  will  be  seen  from  the  following 
table,  in  which  the  details  are  more  full  than  those  given  on 
p.  522. 

Weight  ttf  tiiTpia  lU  p«rT>tiU«>f< 
uf  ImhW-WI'IkIiI. 


Eye 
Briitn 

tCidiicvti 
Skin    '    . 
Liver 
Henrt 

Stomach  and  | 
Interline  I 

Lungs 
Skeleton 
Musclci,  etc.  . 
Testicle  . 


NuW'lNMti  Ijitlie. 

Adult, 

0.28 

0028 

.     14  34 

2.37 

.       0.68 

0.48 

.     11.3 

tt.S 

.       4  3^1 

2.77 

0.811 

0.62 

2.6JI 

2.34 

2.16 

2.01 

.    ie.7 

15.^5 

.    2a.4 

43.1 

«.n^7 

0.8 

WoIdIiT  mF  <.irN;i*lt  llj 
m'liill,  a*  cuuipnn^l 

wltlt  llmt  iif  iirtT'la-i  u 
ImIn;  tttknii  <U  I. 

1.7 

3.7 
12 
12 
18.6 
15 

20 

20 
26 
28 
60 


It  will  be  obstTved  that  the  brain  and  eyes  are,  relntively  to 
the  whole  body-weiglit,  very  much  larger  in  the  babe  than  in  the 
adult,  aa  is  also,  though  tu  a  less  extent,  tlie  liver.  This  dispro- 
portion IS  a  very  marked  embryonic  feature,  and  tm  far  ajj  the 
oraiu  and  eye  are  concerned  at  least,  has  a  morphological  or 
phylogcnic,  na  well  a&  a  physiological  or  teleolo^ical,  significance. 
Inasmuch  sls  the  smaller  body  has  relatively  the  larger  surface, 
the  akin  is  naturally  proportionately  greater  in  the  babe.  It  is 
chieriy  by  the  accumulation  of  muscle  or  flesh,  properly  so 
called,  that  the  child  acquireis  the  bulk  and  weight  of  the  man, 
the  skeletAl  framework,  in  spite  of  its  being  specifically  lighter 
in  its  earlier  carliluginous  condition,  maintaining  throughout  life 
about  the  same  relative  weight. 

The  increase  in  stature  is  very  rapid  in  early  infancy,  proceed- 
ing, however,  by  decreasing  increments.  During  or  shortly  before 
puberty,  there  is  again  a  somewhat  sudden  rise,  with  a  subi^tquent 
more  steady  but  dimLnishiug  increase  up  to  about  the  twenty- 
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fifth  year.  From  Uienoe  to  about  fifty  yean  of  age  tbe  beigbt  re- 
maiiu  Btatiooary.  ailer  which  there  may  be  a  decreaaCy  vpeeiaU j 
io  extreme  old  age. 

The  increase  in  weight  is  also  very  rapid  at  first,  and  proceed- 
ing, like  the  height,  with  dimiDishiog  increments,  may  coDtioae 
till  about  the  fortieth  year.  After  the  sixtieth  year  a  decline  of 
variable  extent  \&  generally  witDe«eed.  It  is  a  remarkable  fact, 
however,  that  in  the  firet  few  daya  of  life,  eo  far  from  there  being 
an  increase,  there  i&  an  actual  decrease  of  weight,  so  that,  even 
on  the  seventh  day  the  weight  etill  contiuueg  to  be  lea  than  at 
birth. 

The  Miliva  of  the  babe  is  active  on  starch,  and  its  gastric  juice, 
unlike  that  of  many  new-born  animals,  has  good  peptic  powers, 
from  which  we  may  infer  that  ite  digestive  procesees  in  general 
are  identical  with  that  of  the  adult;  but  the  feces  of  the  infant 
contain,  besides  conriderable  <|uanticy  af  undigested  food  (fat, 
casein,  etc),  unaltered  bile-pigment,  and  undecorapoeed  bile- 
salts. 

The  heart  of  the  babe  (see  Table,  p.  821)  is,  relatively  to  its 
body-weight,  larger  than  the  adult,  and  the  frequency  of  the 
heart-beat  much  greater,  viz.,  about  130  or  140  per  minute,  fall- 
ing to  about  no  in  the  second  year,  and  aliout  90  in  the  tenth 
year.  Corresponding  to  the  smaller  bulk  of  the  body,  the  whole 
circuit  of  the  bUxx]  system  is  travereeil  in  a  shorter  time  than  in 
the  adult  (12  sectinds  as  against  22);  and  consequently  the  re- 
newal of  the  blt)^Ml  in  the  tissues  is  exceedingly  rapid.  The 
respiration  of  the  babe  is  quicker  than  that  of  the  adult,  being 
at  first  about  3o  per  minute,  falling  to  2S  in  the  sec<^nd  year,  to 
26  in  the  fitlh  year,  and  so  onwarda  Tbd  respiratory  work, 
while  it  increases  absolutely  as  the  body  growa,  is,  relatively  to 
the  body- weight,  greatest  in  the  earlier  years.  It  is  worthy  of 
notice,  that  the  absorption  of  oxvgen  is  said  to  be  relatively 
more  active  than  the  prfxluction  of  carbonic  acid  ;  that  is  to  say, 
there  is  a  continued  accumulation  of  capital  in  the  form  of  a 
storeof  oxygen-holding  explosive  compounds  (see  p.  415).  This, 
indeed,  is  the  striking  feature  of  infant  metabolism.  It  is  a 
metabolism  directed  largely  to  constructive  ends.  The  foo*l 
taken  represents,  undoubtedly,  so  much  potential  energy;  but 
before  that  energy  can  assume  a  vital  mode,  the  fotMl  must  be 
convorted  into  tissue;  and,  in  such  a  conversion,  morphological 
and  molecular,  a  large  amount  of  energy  must  be  expended.  The 
metabolic  activitiect  of  the  infant  are  more  pronounced  than 
those  of  the  a<iult,  for  the  sake,  not  so  much  of  energies  which 
are  spent  on  the  world  without,  as  of  energies  whioh  are  for  a 
while  buried  in  Liie  rapidly  incre4ising  mass  of  fieab.  Thus,  the 
infiutt  requires  over  and  above  the  wanU  of  the  man,  not  only 
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an  income  of  energy  corresponding  to  the  energy  of  the  flesh 
actually  laid  on,  but  also  au  income  corresponding  to  the  energy 
used  up  in  making  that  living  sculptured  Hc^^h  out  of  the  dead 
amorpDoua  proteida,  fata,  carbohydrates,  and  salta,  which  serve 
as  food.  Over  and  above  this,  the  infant  nec<)8  a  more  rapid 
metabolism  to  keep  up  the  normal  bodily  temperature.  Tnis, 
which  is  no  less — indeed,  slightly  (0,3°)  higher — than  that  of  the 
adult,  requires  n  greater  expenditure,  inasmuch  as  the  infant 
with  its  relatively  far  larger  surface,  and  its  extremely  vascular 
skin,  loses  heat  to  a  proportionately  much  greater  degree  than 
does  the  grown-up  man.  It  is  a  matter  of  common  experience 
that  children  are  more  affected  by  cold  than  are  adults. 

This  rapid  metabolism  is,  however,  not  manifest  imme4iiately 
upon  birth.  During  the  first  few  days,  corresponding  to  the  loss 
of  weight  mentioned  above,  the  respiratory  activities  of  the  tis- 
sues arc-  feeble;  the  embryonic  habits  seem  as  yet  not  tu  have 
been  cotiiplytely  thrown  off,  and,  as  was  stated  on  p.  442,  new- 
born animals  bear  with  impunity  a  deprivation  of  oxygen,  which 
would  be  fatal  Uj  them  ]at«r  on  iu  life. 

The  quantity  of  urine  passed,  though  scanty  in  the  first  two 
days,  rises  rapidly  at  the  end  of  the  first  week,  and  in  youth  the 
quantity  of  urine  passed  is,  relatively  to  the  body-weight,  larger 
than  in  adult  life.  This  may  be,  at  least  in  quite  early  life,  partly 
due  to  the  more  liquid  nature  of  the  fooc],  but  is  aUo  in  part  the 
result  of  the  more  active  metabolism.  For  not  only  is  the  quan- 
tity of  urine  parsed,  but  also  the  amount  of  urea  and  some  other 
urinary  constituents  excreted,  relatively  to  the  body-weight, 
greater  in  the  child  than  iu  the  adult.  The  presence  of  uric,  of 
oxalic.and,  according  to  some,  of  hippuricacidtf  in  unusual  quan- 
tities is  a  frequent  characteristic  of  the  urine  of  children.  It  is 
stated  that  calcic  phosphates,  and,  indeed,  the  phosphates  gen- 
erally, are  deficient,  being  retained  in  the  body  for  the  building 
up  of  the  osseous  skeleton. 

Associated  probably  with  these  constructive  labors  of  the  grow- 
ing frame  is  the  prominence  of  the  lymphatic  system.  Not  only 
are  the  lymphatic  glands  largely  developed  and  more  active  (as 
is  probably  shown  by  their  tendency  to  disease  in  youth),  but 
the  quantity  of  lymph  circulation  is  greater  than  in  later  years, 
(-'haractcristic  of  youth  is  the  size  of  the  thymus  body,  which 
increases  up  to  the  second  year,  and  may  then  remain  for  a  while 
stationary,  but  generally  before  puberty,  has  euH'ered  a  retro- 
gressive metamorphosis,  and  fre<|uently  hardly  a  vestige  of  it 
remains  behind.  The  thyroid  body  is  also  relatively  greater 
in  the  babe  than  in  the  adult;  the  spleen,  on  the  other  hand, 
which  grows  rapidly  iu  early  infancy,  is  not  only  absolutely 
but  also  relatively  greater  in  the  adult.     It  need  hardly  be  said 


8S4  THE    PHASES  OF    LIFE. 

that  the  recuperative  power  of  infancy  and  early  youth  i«  very 
marked. 

It  would  be  beyon<l  the  scope  of  this  work  to  enter  into  the 
peychical  condition  of  the  babe  or  the  child,  and  our  knowledge 
of  the  details  of  the  working  of  the  nervous  system  in  infancy  is 
too  meagre  to  permit  of  auy  profitable  discuaeioo.  It  is  hardly 
of  use  to  say  that  in  the  young  the  whole  nervous  system  ia  more 
irritable  or  more  excitable  than  in  later  year? ;  by  which  we 
probably  to  a  great  extent  mean  that  it  i£  leas  rigid,  lees  marked 
out  into  what,  in  preceding  porlitma  of  thia  work,  we  have  sptiken 
of  aa  nervous  mechanisma.  It  may  be  mentioned  that  siimula- 
tion  of  the  various  cerebral  arca^f^  in  new-born  animals,  does  not 
give  rise  to  the  usual  localized  movements.  The  sense  of  touch, 
both  as  regards  pressure  and  tt^mperaturc,  appeans  well  developed 
in  the  infant,  as  does  also  the  sense  of  taste,  and  possibly,  though 
this  is  disputedf  that  of  smell.  The  pupil  (larger  in  the  infant 
than  in  the  man )  acts  fully,  and  Donders  observed  normal  bin- 
ocular movements  of  the  eyes  in  an  infant  lees  than  an  buur 
old.  The  eye  is  (in  man)  from  the  outset  fully  sensitive  to  light, 
though  of  course  visual  perceptions  are  imperfect.  As  regards 
hearing,  on  the  other  hand,  very  little^  reaction  follows  upon 
sounds — i.  e.,  auditory  sensations  seem  to  be  dull  during  the 
first  few  days  of  life ;  this  may  be  partly,  at  least,  due  to  aWnce 
of  air  from  the  tympanum  and  a  tumid  condition  of  the  tym- 
panic mucous  membrane.  As  the  child  grows  up  his  senses 
rapidly  culminate,  and  in  hia  early  yeura  he  poasesaes  a  general 
acutenens  of  sight,  hearing,  and  touch,  which  frequently  becomes 
blunted  as  his  psychical  life  becomes  fuller.  Children,  however. 
are  said  to  t^eleas  apt  at  distinguii^hing  colors  than  in  sighting 
objects;  but  it  does  not  appear  whether  thia  ari:<e8  from  a  want 
of  perceptive  discrimination  or  from  their  being  actually  \em 
sensitive  tu  variations  in  hue.  A  characteristic  of  the  nervous 
SAiitem  in  chilijhood,  the  result  probably  of  the  more  active 
metabolism  of  the  body,  is  the  necessity  for  long  or  frequent  and 
deep  slumber. 

Dentition  marks  the  first  epoch  of  the  new  life*  At  about 
seven  months  the  two  central  incisor?  of  the  lower  jaw  make  their 
Wttv  through  the  gum,  followe<i  immediately  by  the  corrcflpond- 
ing  teeth  in  the  upi>cr  jaw.  The  lateral  incisor^,  tirsl  of  the 
lower  and  then  of  the  U|>|>er  jaw,  appear  at  abfjut  the  ninth 
HKinth,  the  firi^t  molars  at  about  the  twelfth  month,  the  canines 
at  aboni  k  year  and  u  half,  and  the  temporary  deulitiuu  is  oom- 
I  the  npponrnnce  of  the  scoond  molars  usually  before  the 

•'  pet'ond  year. 

tht?  »\xi\\  year  the  permauenL  dentition  commencQS  by 
vrance  of  the  tirst  j>ermaueiit  molar  beyond  the 
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temporary  molar;  in  the  seventh  year  the  central  permanent 
incifioru  replace  their  temporary  representatives,  followed  in  the 
next  year  oy  the  latern!  incisors.  In  the  ninth  year  the  tem- 
porary first  molars  are  replaced  by  the  first  bicuspids,  and  in  the 
tenth  year  the  temporary  second  molars  are  similarly  replaced 
by  the  second  bicuspids.  The  canines  are  exchanged  about  the 
eleventh  or  twulfth  year,  and  the  second  permanent  molars  are 
cut  about  the  twelfth  or  thirteenth  year.  There  is  then  a  long 
pause,  the  third  or  wisdom  tooth  not  making  its  appearance  till 
the  seventeenth  or  even  twenty-fifth  year,  or.  in  some  cases,  not 
appearing  at  all. 

Shortly  after  the  concluHion  of  the  permanent  dentition  (the 
wisdom  teeth  excepted)  the  occurrence  of  puberty  marks  the 
beginning  of  a  new  phase  of  life  ;  and  the  difference  between  the 
aexes,  hitherto  merely  potential,  now  becomes  functional.  In 
both  sexes  the  maturation  of  the  generative  organs  is  accom- 
panied by  the  well-known  changes  in  the  body  at  Targe ;  but  the 
events  are  much  more  characteristic  in  the  typical  (emale  than 
in  the  aberrant  male.  Though  in  the  boy,  the  breaking  of  the 
voice  and  rapid  growth  of  the  beard  which  accompany  the  ap- 
pearance of  active  spermatozoa,  are  striking  features,  yet  they 
are,  after  all,  superlicial.  The  curves  of  his  increasing  weight 
and  height,  and  of  the  other  events  of  his  economy,  pursue  for  a 
while  longer  an  unchanged  course;  the  boy  does  not  become  a 
man  till  some  years  after  puberty;  and  the  decline  of  his  func- 
tional manhooii  is  so  gradual  that  frequently  it  ceases  only  when 
disease  puts  an  end  to  a  ripe  old  age.  With  the  occurrence  of 
menstruation,  on  the  other  hand,  at  from  thirteen  to  seventeen 
years  of  age,  the  girl  almost  at  once  becomes  a  woman,  and  her 
functional  womanhood  ceases  suddenly  at  the  climacteric  in  the 
fifth  decennium.  During  the  whole  of  the  child-bearing  period 
her  organism  is  in  a  comparatively  stationary  condition.  While 
before  the  age  of  puberty  up  to  about  the  eleventh  or  twelfth 
year,  the  girl  is  lighter  and  shorter  than  the  hoy  of  the  same 
age,  in  the  next  few  years  her  rate  of  growth  exceeds  his  ;  but 
she  has  then  nearly  reached  her  maximum,  while  he  continues  to 
grow.  Her  curve  of  weight  from  the  nineteenth  year  onward  to 
the  climacteric,  remains  stationary,  being  followed  subsetjuently 
by  a  late  increase,  so  that  while  the  man  reaches  his  maximum 
of  weight  at  about  forty,  the  woman  is  at  her  greatest  weight 
about  fifty. 

Of  the  statical  differences  of  sex,  some,  such  as  the  formation 
of  the  pelvis,  and  the  costal  mechanism  of  respiration,  are  directly 
connecteiJ  with  the  act  of  child  bearing,  while  others  have  only 
an  indirect  relation  totbat  duty ;  and  indications  at  least  of  nearly 
all  the  characteristic  dificrences  arc  seen  at  birth.     The  baby  boy 
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is  heavier  ftod  taller  thao  the  bab^  girl,  and  the  maiden  of  fi^ 
hrcathefi  with  her  ribs  in  the  same  way  a^  doca  the  matron  of 
forty.  The  woman  'n  lighter  and  shorter  than  the  man,  the  limiti 
in  the  ca!?e  of  the  former  bwing  fnmi  1.444  to  1.740  metru  of 
hei^^lit  and  from  I^O.H  to  i'o.8  kilos  of  weight,  in  the  latter  from 
1.4G7  to  1.890  of  height,  and  from  49.1  to  98.5  kilos  of  weight. 
The  muscular  system  and  skeleton  are  both  absolutely  and  rela- 
tively less  in  woman,  and  her  brain  is  lighter  and  smaller  than 
that  of  man,  being  about  1272  grammes  to  1424.  Uer  metabol- 
ism, as  rae:i8ured  by  the  respiratory  and  urinary  excreta,  is  also 
not  only  absolutely  but  relatively  to  the  body-weight  less,  and 
her  blood  is  not  only  leisa  in  quantity,  but  also  of  lighter  specific 
gravity,  and  contains  a  smaller  proporti<)n  of  red  corpusclee. 
Her  strength  is  to  that  of  man  as  about  5  to  9.  and  the  relative 
length  of  her  step  as  1000  to  1157. 

From  birth  onward  (and,  indeed,  from  early  intrauterine  life) 
the  increment  of  growth  progressively  diminishes.  At  last  a  point 
is  reached  at  which  the  curve  cut£  the  abscissa  line^  and  the  in- 
crement becomes  a  decrement  After  the  culmination  of  man- 
hood at  forty  and  of  womanhood  at  the  climacteric,  the  prime  of 
life  declines  into  old  age.  The  metabolic  activity  of  the  body, 
which  at  first  was  sufficient  not  only  to  cover  the  daily  waste,  but 
to  add  new  material,  later  on  is  able  only  to  meet  the  daily 
wantd,  and  at  last  \»  too  imperfect  even  to  sustain  in  its  entirety 
the  existing  frame.  Neither  as  regards  vigor  and  functional 
capacity,  nor  as  regards  weight  and  bulk,  do  the  turning-p(»ints 
of  the  several  tissues  and  oru;aD8  coincide  either  witli  each  other 
or  with  that  of  the  body  at  large.  We  have  already  seen  that 
the  life  of  such  an  organ  as  the  thymus  is  far  shorter  than  that 
of  its  possessor.  The  eye  is  in  its  dioptric  prime  in  childhood. 
when  Us  media  are  clearest  and  its  muscular  mechanisms  most 
mobile,  and  then  it  for  the  most  part  serves  as  a  toy;  in  later 
years,  when  it  c*)uld  be  of  the  greatest  service  to  a  still  acUve 
brain,  it  has  already  fallen  into  a  clouded  and  rigid  old  age. 
The  skeleton  reaches  its  limit  very  nearly  at  the  same  time  as 
the  whole  frame  reaches  its  maximum  of  height,  the  coalescence 
of  the  various  epiphyses  being  pretty  well  completed  by  about 
the  twenty-firth  year.  Similarly  the  muscular  system  in  its 
increase  tallies  with  the  weight  of  the  whole  body.  The  brain, 
in  spite  of  the  increasing  complexity  of  structure  and  function 
to  which  it  continues  to  attain  even  in  middle  life,  ejirly  reaches 
its  limit  of  bulk  and  weight.  At  about  seven  years  of  age  it 
attains  what  may  be  considered  as  its  first  limit,  for  th<'Ugh  it 
may  increase  somewhat  up  to  twenty,  thirty,  or  even  later  years, 
its  progress  is  much  more  slow  atVor  than  before  seven.  The 
vascular  and  digestive  organs  as  a  whole  may  continue  to  in 
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crease  even  to  a  very  late  i>eriud.  Fruto  these  facts  it  is  obviout 
that  though  the  phenoiuena  of  old  age  are,  at  bottom,  the  result 
of  the  individual  decline  of  the  several  iiesuf8,  they  owe  many 
of  their  features  to  the  disarrangeitieot  of  the  whole  organism 
produced  by  the  premature  decay  or  disappearance  of  one  or 
other  of  the  constituent  bodily  factors.  Thus,  for  instance,  it  i» 
clear  that  were  there  no  natural  intrintic  limit  to  the  life  of  the 
muscular  and  nervous  systems,  they  would  nevertheless  come  to 
au  end  in  coDsetjueuce  of  tlm  nutritive  disturbances  caused  by 
the  loss  of  the  teeth.  And  what  is  true  of  the  teeth  is  probably 
true  of  many  other  organs,  with  the  addition  that  these  cannot, 
like  the  teeth,  he  replaced  by  mechanical  contrivances.  Thus, 
the  term  of  life  which  is  allotted  to  a  muscle  by  virtue  of  its 
molecular  constitution,  and  which  it  could  not  exceed  were  it 
always  placed  under  the  most  favorable  nutritive  conditions,  is, 
in  the  orgauit^m,  determined  by  the  similar  life-terms  of  other 
tissues;  the  future  decline  of  the  brain  is  probably  involved  in 
the  early  decay  of  the  thymus. 

Two  changea  cliaracieristic  of  old  age  are  the  so-called  cal- 
careous and  fatty  degenerations.  These  are  seen  in  a  completely 
typical  form  in  cartilage,  as,  for  instance,  in  the  ribs ;  here  the 
protoplasm  of  the  cartilage-corpuscle  becomes  hardly  more  than 
au  envelope  of  fat  globules,  and  the  supple  matrix  is  rendered 
rigid  with  amorphous  deposits  of  calcic  phosphates  and  car- 
bonates, which  are  at  the  same  time  the  signs  of  past  and  the 
cause  of  future  nutritive  decline.  And  what  is  obvious  in  the 
case  of  cartilage  is  more  or  less  evident  iu  other  tissues.  Every- 
where we  see  a  disposition  on  the  part  of  protoplasm  to  fall  back 
upon  the  easier  task  of  forming  fat  rather  than  to  carry  on  the 
more  arduous  duty  of  manufacturing  new  material  like  itself; 
everywhere  almost  we  see  a  tendency  to  the  replacement  of  & 
structureii  matrix  by  a  deposit  of  amorphous  material.  In 
part  of  the  system  is  this  more  evident  than  in  the  arteiies;  on( 
common  feature  of  old  age  is  the  conversion  by  such  a  change  oi 
the  supple  elastic  tubes  into  rigid  clmnncli>i,  whereby  the  supply 
to  the  various  tissues  of  nutritive  material  is  rendered  increas- 
ingly more  difficult,  and  their  intrinsic  decay  proportionately 
hurried. 

Of  the  various  lissnes  of  the  body  the  muscular  and  nervous 
are,  however,  those  iu  which  functional  decline,  if  not  structural 
decay,  becomes  soonest  apparent.  The  dynamic  coefficient  of 
the  skeletal  musc1ef>  diminishes  rapidly  af^er  thirty  or  forty  years 
of  life,  and  a  similar  want  of  power  conies  over  the  plain  muscu- 
lar fibres  also;  the  heart,  though  it  may  not  diminish,  or  even 
may  tttiH  increase  in  weight,  possesses  less  and  less  force,  and  the 
movements  of  the  intestine,  bladder,  and  other  organs,  dimiuisK 
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in  vigor.  In  the  nervous  system,  the  lines  of  resistance,  which 
as  we  have  seen,  help  to  map  out  the  central  organs  into  ruechan- 
isms,  and  so  to  produce  its  multifarious  artione,  hecome  at  last 
hindrances  to  the  passage  of  nervous  impulses  in  any  direction, 
while  at  the  tiaine  time  the  molecular  energy  of  the  impulses 
themselves  becomes  less.  The  eye  bccoraes  feeble,  not  only  from 
cloudiness  of  the  media  und  presbyopic  muscular  inability,  but 
also  from  the  very  bluntucstt  of  the  retina;  the  sensory  or  motor 
impulses  pass  ^vith  increasing  slowness  to  and  from  the  central 
nervous  system,  and  the  brain  becomes  a  more  and  more  rigid 
mass  of  protoplasm,  the  molecular  lines  of  which  rather  mark 
the  history  of  past  actions  than  serve  as  indications  of  present 
potency.  The  epithelial  glandular  eleraentit  seem  to  be  those 
whose  powers  are  the  longest  preserved  ;  and  hence  the  man  who 
in  the  prime  of  his  nmuhood  was  a  "martyr  to  dvsj)epsia''  by 
rea-Hon  of  the  sensitiveness  of  easlric  nerves  and  the  reflex  in- 
hibitory and  other  results  of  tlieir  irritation,  in  his  later  yean*, 
when  his  nerves  are  blunted,  and  when  therefore  his  peptic  cells 
are  able  to  pursue  their  chemical  work  undisturbed  by  extrinsic 
nervous  worries,  eats  and  drinks  with  the  courage  and  sucvese  of 
a  boy. 

Within  the  range  of  a  lifetime  are  comprised  many  perioda  of 
a  more  or  less  frequent  recurrence.  In  spite  of  the  uda  of  a 
complex  civilization,  all  lending  to  render  the  conditions  of  hie 
life  more  and  more  equable,  man  still  shows  in  his  economy  the 
effects  of  the  seasons.  Some  of  these  are  the  direct  re«ulta  of 
varying  tenn>erature,  but  some  probably,  such  as  the  gain  of 
weight  in  winter  and  the  loss  in  summer,  are  habits  acquired  by 
descent.  Within  the  year,  an  approximately  monthly  period  is 
manifestefl  in  the  female  by  menstruation,  though  there  is  no 
exact  evidence  of  even  a  Intent  similar  cycle  in  the  male.  The 
phenomena  of  recurrent  disease,  and  the  uinrked  critical  days  of 
many  other  maladies,  may  be  regarded  as  pointing  to  cyclea  of 
smaller  duration  tlian  that  of  the  moon's  revolution,  unless  we 
admit  the  view  urgcil  by  some  authors  that  in  these  cases  the  re- 
currence is  to  be  attributed  rather  to  periodical  phases  in  the 
diaease-uroducing  germ  itself,  than  to  variations  in  the  medium 
of  the  disease. 

Prominent  among  all  other  cyclical  events  is  the  fact  that 
most  animals  possessing  a  well-developed  nervous  system,  must 
night  after  night,  or  day  after  day,  or  at  least  time  after  time, 
lay  them  down  to  sleep.  The  salient  feature  of  sleep  is  the 
ecasntion  of  the  automatic  activity  of  the  brain  ;  ilia  the  diastitle 
of  the  cerebral  beat.  But  the  condition  is  not  eonfioed  ^>  the 
cerebral  hemisphere* ;  all  parts  uf  the  body  either  directly  or 
indirectly  take  share  in  iU    The  phenomena  of  aleep  are  per- 
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baps  seen  in  their  simpleflt  form  in  the  winter-sleep  or  hiberna- 
tion to  which  especially  cold-blooded  aniniata,  but  also  to  Bome 
extent  warm-bloode<i  animals,  are  subject.  In  these  cases  the 
cold  of  winter  slackens  the  vibrations  and  lefl.seu8  the  explosions 
of  the  protoplasm,  not  only  of  ntTvoue  but  also  of  muscular  and 
glandular  structures;  indeed  the  activity  of  the  whole  body  is 
lowered,  in  some  respects  almost  to  actual  arrest.  At  the  same 
time  that  the  labor  of  the  cerebral  molecules  becomes  iusulficieut 
to  develop  consciousness,  the  respiratory  centre  is  either  wholly 
quiescent  ur  discharges  feeble  impulses  at  rare  intervals,  and  the 
heart  beats  with  a  slow  infrequent  stroke,  not  by  reason  of  any 
inhibitory  restraint,  but  because  its  very  substance  in  its  slow 
iiiulecular  travail  can  gather  head  for  explosions  only  after  long 
pauses  of  rest.  And  such  few  and  distant  beats  as  do  occur  are 
amply  sufficient  to  meet  the  needs  of  the  feeble  metabolism  of 
the  several  tissues.  The  sleep  of  every  day  differs  from  the 
sleep  of  winter-cold  chieBy  because  the  slackening  of  molecular 
activities  is  due  in  the  former  not  to  extrinsic  hut  to  intrinsic 
causes,  not  to  changes  in  the  medium,  but  to  exhaustion  of  the 
subject,  and  because  the  phenomena  are  largely  amfiued  to  the 
cerebral  hemispheres.  It  is  true  that  the  whole  bo<ly  shares  in 
the  condition.  The  pulse  aud  breathing  are  slower,  the  iutesline 
and  other  internal  muscular  mechanisms  are  more  or  less  at  rc8t» 
the  secreting  orgaits  are  less  active,  some  apparently  being  wholly 
quiescent,  and  the  sleeper  on  waking  rubs  his  eves  to  bring  back 
to  his  conjunctiva  its  needed  moisture.  Indee<i  the  whole  meta- 
bolism and  the  dependent  temperature  of  the  body  are  lowered  ; 
but  we  cannot  say  at  present  how  far  these  are  the  indirect  results 
of  the  conditions  of  the  nervous  system,  or  how  far  they  indicate 
a  partial  slumbering  of  the  several  tissues. 

Thoracic  respiration  is  said  to  become  more  prominent  than 
diaphragmatic  respiration  during  sleep,  and  the  Chcyne-Stokes 
rhythm  of  respiration  (see  p.  429)  is  frequently  observed.  Dur- 
ing sleep  the  pupil  is  contracted,  during  deep  sleep  excMjedingly  so ; 
aud  dilation  olleu  unaccompanied  by  any  visible  movements  of 
the  limbs  or  body,  takes  place  when  any  sensitive  surface  is  stim- 
ulated ;  on  awaking  also  the  pupils  dilate.  The  eyeballs  have 
been  generally  described  as  being  during  sleep  directed  upwards 
and  converging,  or,  according  to  some  authors,  diverging;  but 
others  maintain  that  in  true  sleep  the  visual  axes  are  parallel 
and  directed  to  the  far  distance.  The  eyes  of  children  have 
been  described  as  continually  executing  during  sleep  movements, 
often  irregular  and  unsymmetrical  and  unaccompanied  by  changes 
in  the  pupils. 

We  are  not  at  present  in  a  position  to  trace  out  the  events 
which  culminate  in  thia  inactivity  of  the  cerebral  atruetures.     It 
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has  heo.n  urged  that  during  sleep  the  hmin  is  nnieniic  ;  but  even 
if  this  an^eaiia  h  a  coiisUnt  aocomjmQimeul  of  sleep,  it  muet» 
like  the  vascular  coudttion  t>f  a  gland  or  any  other  active  organ, 
be  regarded  as  an  cHcct,  or  nt  least  as  a  subsidiary  event,  rather 
thau  a£  a  priiuary  cause.  Nur  can  the  view  wliieh  regards  sleep 
as  the  result  of  a  shifting  of  the  mcehauical  arrangements  of  the 
cranial  circulation  be  considered  as  satisfactory.  The  explana- 
tion of  the  condition  is  rather  to  be  sought  in  purely  tnoleeular 
changes;  and  the  analogy  between  the  systole  and  diastole  of 
the  heart,  and  the  waking  and  sleeping  of  the  bniin,  may  be 
profitably  pushed  to  a  very  considerable  extent.  The  sleeping 
brain  in  many  repi)ect8  closely  resembles  a  quiescent  but  still 
living  ventricle.  Both  are  as  far  as  (vutward  manifestations  are 
concerned  at  rest,  but  both  may  be  awakened  to  activity  by  an 
adequately  powerful  stimulus.  Both,  though  quiescent,  are  irri- 
table, in  both  the  quiescence  will  ultimately  give  place  to  activity, 
anti  in  both  an  ap{»ropriate  stimulus  applied  at  the  right  time 
will  determine  the  change  from  rest  to  action.  Just  as  a  single 
prick  will  under  certain  circumstances  awake  a  ventricle,  which 
for  some  seconds  has  been  motionless,  into  a  rhythmic  activity  of 
many  beats,  so  a  loud  nois«  will  start  a  man  from  sleep  into  a 
long  dav's  wakefulness.  And  just  as  in  the  heart  the  cardiac 
irritability  is  lowest  at  the  beginningof  the  diastole  and  increases 
onwards  till  a  beat  bursts  out,  so  is  sleep  dee|>e8t  at  \t»  com- 
mencement niter  the  day*8  labor;  thence  onward  slighter  and 
slighter  stimuli  are  needed  to  wake  the  sleeper.  Forejudging 
of  the  depth  of  ordinary  nocturnal  sleep  by  the  intensity  of  the 
noise  required  to  wake  the  sleefver,  it  may  be  concluded  that, 
increasing  very  rapidly  at  iiret,  it  reaches  its  maximum  within 
the  first  hour;  thence  it  diminishes,  at  first  rapidly,  but  after- 
wards more  slowly. 

We  cannot,  however,  at  present  make  any  definite  slatementB 
concerning  the  nature  of  the  molecular  changes  which  determine 
this  rhythmic  rise  and  fall  of  cerebral  irritability.  The  fact  that 
the  products  of  protoplasmic  activity  when  they  accumulate 
within  the  protoplasm  ap{H'ar  to  become  in  the  end  an  ol>«truc- 
tion  to  that  activity,  has  suggcste*!  the  idea  that  the  presence  in 
the  cerebral  tissue  of  an  excess  of  the  proilucts  of  nervous  meta- 
bolism is  the  (»use  of  sleep.  Indeed,  lactic  acid,  the  increase  of 
which  was  supposed  to  be  the  cause  of  the  acid  reaction  of  mus- 
cular and  nervous  tissues  after  exercise,  has  been  especially 
pointed  to  in  this  connection ;  but,  as  we  have  seen,  the  acid  re> 
action  in  question  appears  not  to  be  due  to  any  increased  pn>* 
duction  of  lactic  acid.  Besides,  if  the  accumulation  of  naetabolic 
product*  of  any  kind  were  the  cause  of  sleep,  it  is  not  clear  why 
we  should  ever  have  any  hope  of  waking.    More  nmy  be  stid  io 
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favur  of  the  couception  that  during  the  waking  hours  the  ex- 
penditure of  oxygeu  exceeda  the  income,  antl  that  the  quiescence, 
which  we  call  sleep,  comes  from  the  exhaustion  of  the  body  a 
store  of  oxygen,  more  especially  of  that  '*  intramolecular  "  oxygen 
of  which  we  spoke,  in  dealing  with  the  respiration  of  the  tissues. 
But  to  this  view  must  bo  added  some  hypothesis,  such  as  the 
byplay  of  some  inhibiujry  mechanism,  whereby  ihe  respiratory 
centre  is  not  roused  to  increased  activity  by  this  lack  of  oxygen, 
for,  as  we  have  seen,  the  breathing  shares  in  the  slumber  of  the 
body,  though  continuing  to  piny  with  an  amount  of  energy, 
which  permits  a  gradual  restoration  (»f  the  lost  store  of  oxygen, 
and  30  finally  brings  on  the  awakening  which  ends  the  sleep. 
And  the  necessity  for  such  a  complication  indicates  tliat  the  ex- 
planation is,  at  present  at  least,  inadequate. 

The  phenomena  of  sleep  show  very  clearly  to  how  large  an 
extent  an  apparent  automatism  is  the  ultimate  outcome  of  the 
effects  of  antecedent  stimulation.  When  we  wish  to  go  to  sleep 
we  withdraw  our  automatic  brain  as  much  as  possible  from  the 
influence  of  all  extrinsic  stimuli ;  and  an  interesting  case  is  re- 
corded of  a  lad  whose  connection  wiih  the  external  world  was, 
from  a  complicated  aniusthe^ia.  limited  to  that  afforded  by  a 
single  eye  and  a  single  ear,  and  who  could  be  sent  to  sleep  at 
will,  by  closing  the  eye  and  stopping  the  ear. 

The  cycle  of  the  day  is,  however,  manifested  in  many  other 
ways  than  by  the  alternation  of  sleeping  and  waking,  with  all  the 
indirect  effects  of  these  two  conditions.  There  is  a  diurnal  curve 
of  temperature  (see  p.  ■'>47),  apparently  independent  of  all  im- 
mediate circumstanceri,  the  hereditary  impress  of  a  long  and 
ancient  sequence  of  days  and  nights.  Even  the  pulse,  so  sensitive 
to  all  bodily  changes,  shows,  running  through  all  the  immediate 
eftects  of  the  changes  of  the  minute  and  the  hour,  the  working  of 
a  diurnal  influence  which  cannot  be  accounted  for  by  waking 
and  sleeping,  by  working  and  resting,  by  meals  and  abstinence 
between  meals.  And  the  same  may  be  said  concerning  the 
rhythm  of  respiration,  and  the  products  of  pulmonary,  cutaneous, 
ami  urinary  excretion.  There  seems  to  be  a  daily  curve  of' 
b(»dily  metabolism,  which  is  not  the  product  of  the  day's  events. 
Wilhin  the  day  we  have  the  narrower  rhythm  of  the  respiratory 
centre  with  the  accompanying  rise  and  fall  of  activity  in  the 
vaso-motor  centres.  And  lastly,  there  stands  out  the  fundamental 
fact  of  all  bfKlily  periodicity,  that  alternation  of  the  heart's 
systole  and  diastole  which  ceases  only  at  death.  Though,  as  we 
have  seen,  the  intermittent  flow  in  the  arteries  is  toned  down  in 
the  capillaries,  to  an  apparently  continuous  flow,  still  the  con- 
stantly repettlcd  cycle  nf  the  cardiac  shuttle  must  leave  its  mark 
throughout  the  whole  web  of  the  body's  life.     Our  means  of  in.- 
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vestigation  are,  however,  still  too  gross  to  permit  ua  to  track  out 
itfi  iDflueuce.   Still  leas  are  we  at  present  in  a  pnsitiim  tu  say  how 

far  the  fuQciameDtal  rhythm  of  the  heart  Itself^  that  rh  jthm  which 
U  influeBced,  but  notcrented,  by  thechaogea  of  the  body  of  which 
it  is  the  centre,  is  the  reeult  of  coamical  changes,  the  reflectioD  as 
it  were  in  little  of  the  cycles  of  the  universe,  or  how  far  it  h  the 
outcome  of  the  inherent  vibralicms  of  the  molecules  which  niak^ 
up  its  anhetanee. 


CHAPTER   VI 

DEATH. 


When  the  animal  kingdoni  h  Hurveycd  from  a  broad  aUnd- 
poiut,  it  l>ecome8  obvious  that  the  ovum,  or  its  correlative,  the 
spermatozoon,  is  the  goal  of  an  individual  existence:  that  life  is 
a  cycle  beginning  in  an  ovum  and  coming  round  to  an  ovum 
again.  The  greater  part  of  the  actions  which,  IcK)king  from  a 
near  [Kjint  of  view  at  the  higher  animals  alone,  we  are  apt  to 
consider  as  eminently  the  purposes  for  which  auimals  come  into 
existence,  when  viewed  frora  the  distant  outlook  whence  the 
whole  living  world  is  surveyed,  fade  away  into  the  likeness  of 
the  mere  byplay  of  ovum-bearing  organisms.  The  animal  Ixxly 
is  in  reality  a  vehicle  for  ova;  and  after  the  life  of  the  parent 
has  become  potentially  renewed  in  the  offspring,  the  body  re- 
mains as  a  cast-otr  euveloi>e  whose  future  is  but  to  die. 

Were  the  tininial  frame  not  the  complicated  machine  we  have 
seen  it  to  be,  death  might  come  as  a  simple  and  gradual  dissolu* 
tion,  the  "  sans  everything"  being  the  la*t  stage  of  the  successive'' 
loss  of  fundamental  powers.  As  it  is,  however,  death  is  always 
more  or  less  violent ;  the  machine  comes  to  au  end  by  reason  of 
the  disorder  caused  by  the  breaking  down  of  one  of  its  parts. 
Life  ceases  not  because  the  molecular  powers  of  the  whole  body 
slacken  and  are  lost,  but  because  a  weakness  in  one  or  other 
part  of  the  machinery  throws  its  whole  working  out  of  gear. 

We  have  seen  that  the  central  factor  of  life  is  the  circulation 
of  the  blood,  but  we  have  also  seen  that  blood  is  not  only  useless^ 
but  injurious,  unless  it  be  duly  oxygenated  ;  and  we  have  funher< 
seen  that  in  the  higher  animaU  the  oxygenation  of  the  blood  can 
only  be  duly  effected  by  means  of  the  respiratory  muscular  mech- 
anism, presided  over  by  the  medulla  oblongata.  Thus,  the 
life  of  a  complex  animal  is,  when  reduced  to  a  simple  form,  com- 
posed of  three  factors:  the  maintenance  of  the  circulation,  the 
access  of  air  to  the  biemoglobiu  of  the  blood,  and  the  functional 
activity  of  the  respiratory  centre ;  and  death  may  come  from  the-] 
arrest  of  either  of  these.  As  Bichat  put  it,  death  takes  place 
by  the  heart  or  by  the  lungs,  or  by  the  brain.  In  reality,  how- 
ever, when  we  push  the  analysis  further,  the  central  i'act  of  death 
is  the  stoppage  of  the  heart,  and  the  consequent  arrest  of  the  cir- 
culation ;  the  tissues  then  all  die,  ))ecauae  they  lose  their  internal 
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medium.  The  failure  of  the  heart  may  arise  in  itself,  on  aocoiznt 
of  some  failure  in  iie  nervous  or  muscular  elements,  or  by  reason 
of  Home  mischief  afi'ecting  iu  mechuuical  working.  Or  iu  stop- 
page may  l)e  due  to  some  fault  in  its  internal  medium,  auch,  for 
inatance,  as  a  want  of  oxygenation  of  the  blood,  which  in  turn 
may  be  caused  by  either  a  change  in  the  blood  itself,  as  in  car- 
bonic oxide  poisoning,  or  by  a  failure  in  the  mechanicaJ  con- 
ditions of  respiration,  or  by  a  ces&nliou  of  the  action  of  the 
respiratory  centre.  The  failure  of  this  centre,  and,  indeed,  that 
of  the  heart  itself,  may  be  caused  by  nervous  iuHuences  pro- 
ceeding from  the  brain,  or  brought  into  operation  by  meana  of 
the  central  nervous  system  ;  it  may,  on  the  other  hand,  be  due 
to  an  imperfect  state  of  blnod,  and  this  in  tarn  may  arise  from 
the  imperfect  or  perverse  action  of  various  secretory  or  other 
tissues.  The  modes  of  death  are  in  reality  as  uumenius  as  are 
the  possible  modifications  of  the  various  factors  of  life;  but  they 
all  end  in  a  stoppage  of  the  circulatiuu,and  the  withdrawal  from 
the  tissues  of  their  internal  me<Iium.  Hence,  we  come  to  am- 
sider  the  death  of  the  body  as  marked  by  the  cessation  of  the 
heart's  beat,  a  cessation  fmm  which  no  rea^very  is  possible ;  and 
by  thi9  we  are  enabled  to  fix  an  exact  time  at  xvhich  we  say  the 
body  is  dead.  We  can,  however,  fix  no  such  exact  time  to  the 
death  of  the  individual  tissues.  They  are  not  mechanisms,  and 
their  death  is  a  gradual  loss  of  power.  In  the  case  of  the  con- 
tractile tissues,  we  have  apparently  in  rigor  mortis  a  fixed  term, 
by  which  we  can  mark  the  exact  lime  of  their  death.  If  we 
admit  that  after  the  onset  of  rigor  mortis  recovery  of  irritability 
18  imposBible.  then  a  rigid  muscle  is  one  permanently  dead.  In 
the  case  of  the  other  tissues,  we  have  no  such  objective  sign,  since 
Uie  rigor  mortis  of  simple  protoplasm  manifests  itself  chiefly  by 
obscure  chemical  signs.  And  in  all  cases  it  is  obvious  that  the 
pnasibility  of  recovery,  depending  as  it  does  on  the  skill  and 
knowledge  of  the  experimenter,  is  a  wholly  artificial  sign  of 
death.  Vet  we  can  draw  no  other  sharp  line  between  the  seem- 
ingly dead  tissue,  whose  life  has  flickered  down  into  a  smoulder- 
ing ember,  which  can  still  be  fanned  back  again  into  flame,  and 
the  handful  of  du^t.  the  aggregate  of  chemical  substances  into 
which  the  dccomposiug  tiiMue  finally  crumbles. 

Moreover,  the  failure  of  the  heart  itself  is  at  bottom  loss  of 
irritability,  and  the  poesibility  of  recovery  here  also  rests,  aa  far 
as  is  known  at  present,  on  the  skill  and  knowledge  of  thoae  who 
attempt  to  recover.  So  that  at^cr  all,  the  signs  of  the  death  of 
the  whole  body  are  as  artificial  as  those  of  the  death  of  the  coo* 
Htitueut  tissues. 


APPENDIX. 


ox  THE  CHEIIICAL  B.iSLS  OF  THIi  ANIML  BODY. 


The  anitnal  body,  ^m  a  chemioal  point  of  view,  may  bo  regarded  n» 
a  mixture  of  varioui  repreaentalives  of  three  large  cluwes  of  choroicul 
stibfitances,  viz.,  proieid^^,  oirbuh  yd  rates,  uiid  fuLi,  in  Htisoviution  with 
smaller  quantities  of  vurioiis  SHline  and  otlicr  cr}'8tal]ine  budit^s.  By 
proleJd«  are  meant  bodies  containing  carbon,  oxygen,  hydMgen,  an^ 
n]trog(!n  in  a  certain  proportion,  varying  within  narruw  limits,  and  hav- 
ing certain  general  feiktiirea;  they  are  frequently  ppoken  of  »%  alhiirninoids. 
By  carbohydraiofi  uro  meant  starches  and  flugar«  mid  their  allios.  We 
have  also  seen  that  ihv  anitiml  body  may  be  C'O^idvred  as  an  ussenibl'ige 
of  protoplasm  under  various  modiAcationii  and  of  numerous  pruduclfl  of 
protoplusmic  activity.  AVc  do  not  at  pnssont  knuw  anything  definite 
abiiut  the  molecular  composition  of  active  living  prutopltism  ;  uut  when 
we  aubmti  protoplasm  to  cliemicnl  analyi^i.s,  in  which  art  it  is  killed,  we 
always  obtain  from  it  a  considerable  quantity  of  the  matcriBl  spoken  of 
as  proteid.  And  many  authonigo.«'u  far  as  to  speak  of  protoplasm  as  being 
purely  proleid  in  nature:  they  rc»gard  the  living  protoplasm  us  proteid 
uiatenal,  wbiob,  in  passing  from  ueuth  to  life,  has  assumed  certain  char- 
acters and  presumably  has  been  cliuri^cd  in  coni^triictiuii,  but  slill  ie. 
proteid  matter;  they  sometimes  speak  of  proU^pla^m  as  "  living  proteid  " 
or  "living  albumin."  It  is  wortny  of  notice,  however,  that  even  simple 
forms  of  protoplasm,  like  that  constituting  the  body  of  a  white  corpuscle, 
formfi  of  protoplasm  which  we  may  fairly  con.'iider  at  native  protoplasm, 
when  they  can  be  obtained  in  sufficient  quantity  for  chemical  analysis, 
are  found  to  contain  some  rcpresentutives  of  carbohydrates  and  fats  as 
well  as  of  proteid.**.  We  might  |>erha|>s  oven  go  so  far  as  to  say,  that  in  all 
forms  of  living  proLoplusm,  the  proicid  basis  if  found  upon  analysis  to 
bave  some  carbohydrate  and  some  kind  of  fat  associated  with  it.  Fur- 
ther, not  only  does  the  normal  food  which  is  eventually  built  up  into 
protoplasm  consist  of  all  three  classes;  but,  as  wo  have  seen  in  the  si 
tion*  on  nutrition,  pn>toplat>m  givei  rise  by  metabolisni  to  membem 
the  same  three  clashes  ;  and,  ns  far  as  we  know  at  present,  cnrhohydrHtes' 
and  fau,  when  formed  in  the  body  out  of  proteid  food,  are  so  formed  by 
the  agency  of  living  protoplasm,  by  some  living  litisiie.  Hence  there  is 
at  least  some  reason  for  thinking  it  probnVjle  that  the  molecule  of  prot 
plasm,  if  we  may  u^e  such  a  phrase,  \a  far  more  complex  than  a  molecuIftJ 
of  proteid  matter,  that  it  contains  in  itself  residues,  so  to  speuk,  not  only 
of  j)roleid,  but  also  of  carbohydrate  and  fatly  materinl. 

Be  this  u  it  may — for  no  dogmatic  statement  c&n  at  presunt  bo  made— 


836      CHEMICAL    BASIS    OK    THK    ANIMAL    BODY. 

when  we  examiae  tho  Tftrious  tissuoe  and  6uids  of  ibe  animal  bodv  froai 

n  chemical  point  uf  view,  wo  find  prcfieiil  in  diffeient  places,  ur  at  difforaut 
liinvs,  acveml  vuriolics  and  dtirivativcs  of  the  three  chief  claaso*  ^  we  find 
many  foniLa  of  proteid$,  and  bodies  closely  allied  to  proteidfi,  in  the  forms 
of  mucin,  gelatine,  etc.;  many  varieties  of  faU;  and  several  kinds  v( 
carbohydrntos. 

Wo  find,  moreover,  many  otlier  bodies  which  we  may  re^rd  as  stage* 
in  the  constructive  or  destructive  melubuUsm  of  1>oth  native  and  differeio- 
liated  protoplaj»m,  and  which  are  important,  not  so  much  from  the  quan- 
tity in  which  they  ivccur  in  the  animal  body  at  any  one  time,  as  from  (heir 
throwing  light  on  the  nature  of  animal  metal>ol)im;  theae  aro  iurb 
btxlies  ai  urea,  other  organic  crviitMlline  bodies,  and  the  extractives  io 
gonoral. 

In  the  following  pages  the  cbomicnl  features  of  the  more  imjiortant  of 
theie  various  subatazices  which  are  known  to  occur  in  the  animal  body 
will  bo  briefly  considerrd,  ttuch  chAraclcrs  only  boing  d&^cribed  as  poMeos 
or  promise  to  possess  phyKiulogical  interest.  The  phy«iolo(cical  function 
of  any  substance  mu»t  depi*nd  ultimately  on  \\»  rooleculnr  (including  its 
cbomicalj  nuLure ;  and,  inou^^h  ni  present  our  chemical  knowledge  of  ibe 
omUitufniji  of  an  uiiinml  budy  gives  us  but  little  in~ib;hl  into  their 
phyRJolt'gicai  properties,  il  cunnutl>e  doubted  that  such  chumical  infur- 
mation  t^  is  attamnhle  id  a  neitessary  preliminary  to  all  physiological 
study. 

PKOTKIDtt. 

These  form  the  principal  iolids  of  the  muscular,  nervous,  and  glundutar 
tissues,  of  the  scrum  of  bhxid,  of  semus  fluids,  and  uf  lymph.  In  a 
healthy  Condition,  »weat,  tears,  bile,  and  iirino  contain  mere  traces,  if 
any,  of  protcida.     Their  general  percentage  composition  may  be  taken 
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ThMi  figores  ara  obtained  from  a  oonnideration  of  Dumarous  analyaftn,  ulight 
dlffereoeea  In  tb«  various  reoulU  being  imiuKleriHl.  «*h«ro  tbu  puritjr  uf  tb*  sub- 
atance  opsrated  upon  oannut  b«  deOnltely  detormined. 

In  Bdaiiiun  tu  the  abuve  cuoiililuenCe,  proteids  leave  on  ignltiun  a  rnriablv 
qu&ntttj  uf  N«li.  In  ibe  oa»  of  egg-albumin  Ibe  prJnoipal  cunttttoeiiU  of  the 
m»\^  Kre  chlorides  of  boeIIuui  and  potaefiuiu,  the  Inltcr  greatly  eioeoding  the 
foriaor  in  amount.  The  reniHiiiiier  conaiiiti  of  BoJium  and  potajxium.  In  ooio- 
binatiori  with  pbuvphoric,  fnlphurlc,  and  oarbynlo  acid»,  and  ver/  •mall  qaaatU 
tlo>>  i*f  cnlcium,  magoesium,  and  iron  in  uni<»n  wilb  the  4ame  acidx.  Tbara  Is 
alio  n  trnvo  uf  Rilioft.^  The  aib  of  leruiu  aJbumlo  cuntuina  an  exeeas  of  SimUdib 
ohlorxde,  bat  the  aib  of  the  proteido  of  mu"olo  containi"  an  oxocat  of  potash  salU 
Htid  pbotphaloa.  The  oiilure  of  the  connection  of  the  a«b  with  Ihe  prolaid  \t 
atill  a  tuatlvr  of  obsourltr.  (Jlubin  from  huiaoblubia  ts  said  to  loaf  a  no  ask  oa 
Ignition. 

Proloida  iia  met  with  in  Ihe  animal  b<»dy  are  all  amorphous;  Bi*me  are 
•  "  I  i.^'I'"*'  i'lfcoluble  in  water,  and  all  are  for  the  most  part  insolubia 
m  iiloobol  and  ether;  ihey  arv  all  soluble  in  strong  acids  and  alLatics, 

»   Hdb.  Pbys.  Path.  Cbem.  Anal..  E.I.  iv.  ( 187  J)  8-  128. 
>  See  GmeUn.  Udb.  Org.  Ch«m..  Bd.  tiU.  G.  386. 
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but  in  becomifiEf  difisnlved  mostly  undere<i  decomposition.  Their  solu- 
tions possess  a  loft-litindcd  rutiiti^ry  action  on  tho  pluno  of  poUriKBtioD, 
lh«  amount  depending  ou  various  circtitiistAncea,  iind  being,  with  one 
exception — vis  ,  pvplones — changed  by  beatin;;. 

CryBia\B  into  white  compniitton  certain  prottid  (ospeoinny  globulin)'  dementi 
oDter  wero  lung  oinoo  obsflrvec]  in  tbe  aeodi  of  lUAtiy  plantd;  as  jet  tbe>'  biive 
not  been  ubtainetl  fnifliciisnllj  itolated  ur  in  quantities  large  enough  to  permit 
uny  Kcviirntv  nnikt.vsift  to  ht  iiiadc<  A  metbnd  of  isolating  id  <|iinntity  and  re- 
orystAltizin^;  itiese  substancei  ha«,  however,'  been  tndieuted,  bd<J  it  secuit;  proba- 
ble thai  analysis  uf  tbobc  mny  lead  to  intereattog  Information  on  the  ttubjcot  of 
the  eoDPtitutiuo  and  QombtDatiun  of  prvteids. 

Tbe  pre«enc«  of  proteid^  nmy  be  determined  by  tbe  following  tests : 

1.  Heated  with  slronf;  nitric  acid,  they  or  their  solulion^  turn  yellow, 
and  this  color  is,  on  the  addition  of  Hinnionia,  or  caustic  soda  or  poUtsh, 
chanced  to  a  deep  i»range  buo.     (Xanthoprutcie  reactiun.) 

2.  With  Milliin'«  reagent  llioy  give,  whpn  po*(»*'nt  in  Miffidcnt  quaii- 
lUy,  a  precipitate,  which  turns  red  on  heating.  If  they  are  only  present 
in  traces,  no  precipitate  h  obtained,  but  merely  u  red  coloration  of  tho 
sulutinn. 

ft.  If  mixed  with  some  concentrated  solution  of  sodic  hydrate,  and  one 
or  two  dn>ps  of  a  ^nUition  of  cupric  sulphate,  a  violet  color  is  obtained, 
which  deepens  in  tint  on  boiling. 

The  above  serve  to  detect  tho  ^maUost  traces  of  all  proteidi*.  The  two 
followiDg  tests  may  be  u^ed  when  ihoru  is  more  than  a  Lmcc  present,  but 
do  not  hold  for  every  kind  of  pmteid 

4.  Render  tbe  fluid  strongly  acid  with  acetic  or  other  acid,  and  add  a 
few  drops  uf  a  solution  of  ferrt-K^yanide  of  potassium  ;  a  precipitate  Uiows 
the  presence  of  proteids. 

fi.  Uender  the  fluid,  aa  before,  strongly  acid  with  noetic  acid,  add  an 
equal  volume  of  a  concentrated  solution  of  sudic  sulpbale,  and  boil.  A 
precipitate  is  formed  if  prnteids  are  present. 

This  last  restition  is  useful,  not  only  on  account  of  its  exaulnefii,  but  aI«o 
beoaase  the  reagents  u«ed  produce  no  doeomposttion  of  other  bodies  nbioh 
may  be  prevent;  and  honi>e after  6Itra(iiin  tbe  name  fluid  may  be  further  analyzed 
for  other  lubvlancei.  Additional  nietbod^  of  freeing  a  solution  from  proteids 
are,  acidulating  with  acetic  acid  nod  boiling,  arotding  any  exee«»  of  the  acid  ; 
precipitation  by  exeeAS  of  alcohnt;  in  the  lattitr  caio  the  noliiliun  must  be 
nontral  or  ffiintly  a;.'td.  Hoppe-Seyier'  reoommcnd*  tbe  employment  of  a 
satur&ted  solution  of  fresbly  precipitated  ferric  hydrste,  in  acetic  acid]  this  is 
added  to  tbe  solution,  and  on  boiling  tbe  whole  of  tbe  proteids  are  precipitated 
as  well  as  the  ferric  salt,  the  latter  as  a  basie  acetate.  Brtioke's  method  of 
removing  the  but  traces  of  proteids  from  glyt^ogen  solutions  is  also  of  use  (seo 
glycogen).  Precipitation  of  tbe  lait  traces  uf  pruteids  by  means  of  bydrated 
oxide  of  lead  at  a  boiling  temperature^  may  be  also  employed. 

Proteids  may  be  conveniently  divided  into  classes, 

Class  I. — Native  Alburnina. 

Members  of  this  class,  as  their  name  implies,  occur  in  a  natural  con* 
■lition  in  animal  tissues  and  fluids.     They  are  soluble  in  water,  are  nnt 

I  Vines,  JI.  of  Phyriol.  vol.  Hi.  (1880)  p  93. 

>  Dresohsel.  Juurn.  f.  prakt.  Cbem.,  K.  P.  Bd.  xix.  (1879)  S,  331. 

»  Op.  oit.  8.  227. 

«  Uofmoister,  Zeitich.  f.  physlol.  Cham.,  Bd.U.  (1878)  S.  288. 
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precipitut«d  by  very  dilute  Hcidi,  by  carbonatea  of  the  allulies,  or  by 
sodium  cbloridc.  They  are  coneulntied  by  bcnting  In  solution  lo  »  Icni- 
piTHturo  of  »b*Hit  70°  C.  If  dried  Ht  40^  C.»  Ibp  resulting  nitisei  ic  of  a 
pule  yollow  color,  eiiiiilr  frinhle,  ta9tele$.-i.  inulnrmi^,  kiid  soluble. 

1.  EfirGT-albumin. 

FoniiK  )n  nqtieoiifi  solution  »  neutral,  transpareul,  yellowiih  fluid. 
From  tliis  it  U  |>r^oipital<^d  by  fiJccnt^s  of  Atritng  akN»hol.  If  ihe  slcohnl 
be  rapidly  remuved,  ihe  preoipitnle  may  be  readily  rodisKdvod  in  wat«r; 
if  subjected  lo  loi)i(ihicr  Kclion  u  conciliation  occufii,  nnd  the  nlbuniin  U 
then  no  loni;;or  tli'is  nolubtc.  SLrotii;  acid*,  i>4po4Mul1y  nitric  acid,  cxii^e  a 
c-oagulation  similar  lo  thai  produced  by  heat  or  by  the  pr>'lon};i?d  action 
of  alcohol ;  the  albumin  becomes  profoundly  chans^ed  by  the  action  of  the 
acid  and  does  not  dissolve  upon  remoVHl  nf  the  acid.  Mercuric  chloride, 
Hrg*»nlic  nitnite,  and  letid  aoetate,  prfcipilat*:  the  albumin,  forming  in- 
soluble compounds  of  vurinble  oomfK>^it)un  with  ii ;  ihe  precipilHiit  mHV 
t>e  removtvl  by  means  of  «ulpburelted  hydrogen  and  the  albumin  again 
obtained,  apparently  unaltered,  in  solution. 

Strong  acetic  ncid  in  exce-s  K'ves  rxf  prci-ipitate,  but  when  the  fc^oUition 
is  concentrated  the  albumin  i*  tmn*formed  into  u  Irnn^jiftrt-nt  jelly.  A 
fiimilar  jelly  is  prodnned  when  stront;  caustic  potiu^h  is  added  to  a  con- 
ecntratcd  sotolion  of  ei^c-albumin.  In  bulb  these  cases  thu  substance  is 
profoundly  altered,  becoming  in  the  one  ca^o  acid,  in  the  other  alkali- 
albumin. 

The  8[>eriQc  rotatory  puvrer  of  0|cg-albumin  in  aquaoiu  solution  is,  for 
yellow  light,  — Z't.li°.  Uydn>chIoric  acid,  added  until  the  reaction  is 
strongly  acid,  increases  this  rotation  to — 37.7°.  The  formation  of  the 
eelHtinous  comcound  wilb  caustic  potash  i«  at  fir»L  accumpauied  with  an 
increase,  but  this  is  followed  by  a  deereii.<e  of  rotation. 

I'reparntion. — White  of  henV  egj;  is  bntken  up  with  scissors  into  small 
pieces,  diluted  with  an  equal  bulk  of  water,  and  the  mixture  shaken 
strongly  in  a  flH.tk  till  quite  frothy  \  on  standing,  the  foam  rises  to  the 
t4ip,  and  carries  all  the  fibres  In  wha^e  meshwork  the  albumin  was  con- 
tained.  The  fluid,  from  which  the  fuam  has  been  remnvtd,  is  strained, 
and  treated  carofnlly  with  dilute  acetic  arid  k*>  lon^f  ns  any  prn-ipitale  is 
formed  :  the  precipitate  is  then  filtered  otr,  and  the  Hltraio  after  neutral- 
ization coucentnited  at  Ai^  to  it»  orij^innl  hulk.  [The  white  of  iho  h»*n*s 
egi;  contains  a  considcniMe  portn-n  of  dl'hulin,  and  ihe  ditut<*  acetic  acid 
is  ttJded  to  precipitate  ihia  principle.  Instead  of  the  ncid,  about  an  equal 
bulk  uf  carbonic  ncid  water,  or  the  cMiniiuon  s«ida  water  of  conmiercc,  can 
be  used  for  the  same  nurp^ise.  The  quantity  of  cnrlxmic  acid  WHt«r  neces- 
sary will,  of  conrise,  depend  upon  the  degree  of  alkalinity  of  the  whil«  of 
egi;  solution.  The carlNiuic  acid  ga«  forms  carbonal's  with  the  fr«e  alkali, 
which  are  natural  constituent*  of  the  whttp  of  eg»c,  and  wo  aroid  tho 
contamination  of  so  foreign  a  constituent  as  acetic  acid.] 

2.  Serum-albumin. 

This  form  of  albumin  re»eu)bleA,  to  a  great  ext<mt,  the  one  proviotuly 
described.     The  followin}]:  muy  suffice  a»<  diHtinf;ui>thtn?  feature*. 

1.  The  ^ipfU'ifio  rotation  o^  fcenirn-albumin  Is  — W;  that  of  egg- 
atbiinin  i#  — !t5.*>°;    both  measured  f"<r  yellow  light. 

'2.  Sci'iini-ttlbumin  H  not  coagulated  by  being  ahaken  tip  wtlh  ethvr, 
AjkCg  nibuihin  i<. 

n.  Scrum-albumin  is  not  very  ivadily  precipitat<»d  by  bttotiu   bvdro. 
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chloric  acid,  and  such  precipiUte  m  dtMss  occur  if*  readily  rediuolved  on 
fiirtlier  additinn  of  tho  iicid ;  lb«  exact  revcrtfi  of  the«e  two  ftifltiires  holds 
good  for  Ggg-albtimin. 

4.  ]*recipttaU^  or  coaguluted  cenim-ulbtimin  is  readily  aoluble,  egg- 
nlhiimin  is  with  difflcuUy  <v^hible,  in  litroncf  nitric  acid. 

').  E^c-albuniin,  if  injected  eiibctitaneomty  or  into  a  voin,  reappears 
unaltered  in  the  urine;'  cerum-albuniin  ftitnilurly  Injected  does  not  tliua 
normally  pa^s  out  by  the  kidney. 

Serum-ttlbumiii  i*  found  not  only  in  blood-scrum,  but  also  in  lymph, 
both  that  contained  in  the  proper  lymphatic  channelx  and  that  ditfufied 
in  the  tissues;  in  chyle,  milk,  traiiaudations,  and  many  |iatb clerical 
fluids. 

It  is  this  form  in  which  albumin  generally  appears  in  the  urine, 

In  Addition  to  the  Aborc,  i^ohoror*  bos  dosorlbod  two  closely  related  bodies,  to 
which  be  gires  tho  names  P«ralbuinln  and  Metnlbumio.  The  (irsL  he  obt&iaed 
from  oTariao  ojiits;  iti  atkAttno  i^ulutioni  are  remarkAble  for  being  very  ropj.  I| 
secme  doubtful  trUelhcr  tbii  body  \n  n  protcld  :  it  difTors  koimibly  in  coiu}to*iiii»D 
frum  Ihoae.  Haerlin' giver  ua  itj  cuinuonitioo,  O  26. S,  U  G.9,  N  12.B,C61.8,S  t.T 
[ler  cent.  It  seemi  to  be  a«8c>oiated  with  iome  body  like  glycogeD.oapsbtcof  being 
converted  into  n  Hubslanee  giving  the  reactiuns  of  doitroae.  Metalbntain,  found 
tn  a  dropiical  fliiid,  rMetnblea  the  preceding,  but  ix  out  precipitHted  by  fayrlro- 
chlorio  acid,  or  by  aoetio  moid  and  ferrocyaniile  of  pota«eiuni ;  it  Is  precipitated^ 
but  not  ooagal&ted,  by  alcohol:  its  lolutlon  is  tcaroely  coagalated  on  boiling. 

Albumins  are  generally  found  associated  wilhRmall  but  definite  amounta 
of  saline  matter.  A  fcichmidt*  says  that  they  may  be  freed  frtim  these  by 
diuly'^is,  and  tlml  they  are  then  not  ccn^ulated  on  boiling.  From  this  it 
might  be  inferrrul  that  the  albumin  and  the  inline  mailers  were  peculiarly 
related,  and  that  the  latter  played  some  special  part  during;  the  magnln- 
tion  of  the  former  by  boat.  Schmidt's  oliservatiMns,  however,  have  not 
been  conclusively  corroborated  by  subsequent  obserrers. 

Ci.AfiS  II.— Derived  Alhumins  {Albumtnatea), 
1.  Acid-albuxnin. 

When  a  native  albumin  in  solution,  such  as  sorum-atbumin,  is  treated 

for  some  little  time  with  a  dilute  acid,  such  as  hydrochloric,  its  properties 
become  entirclv  changed.  The  mo.<t  marked  changes  are  (I)  that  the 
solution  is  no  longer  cimgulated  by  hcut ;  (2)  that  when  the  solution  is 
carefully  neutrnlizcd  the  whole  of  the  proteid  is  Ihrttwn  down  as  a  pre- 
cipitate; in  other  words,  the  sorum-albuniin  wliicb  was  soluble  in  witter, 
or  ut  least  in  a  neutral  (luid  containing  only  a  smull  quantity  of  neutral 
salts,  ha&  become  converted  into  a  substance  insoluble  in  water  or  in 
simitar  neutral  Quids.  The  body  inU>  which  serum-albumin  thus  becomes 
converted  by  the  action  of  an  acid  is  spoken  of  as  acid^nlbumin.  Its 
cliuructcrihtic  features  are  that  it  is  insirluble  in  distilled  water,  and  in 
neutral  falino  solutions,  such  aB  th'tse  of  eodic  chloride,  that  it  Is  readily 
soluble  in  dilute  acids  or  dilute  alkalies,  and  that  it«  solutions  in  acids  or 
alkalies  are  not  eongulat«d  by  boiling.     ^Vhen  suspended,  in  the  undis- 


*  Stokvif,  Kech.  exp.  sur  lea  onndit.  pathol.  do  I'Albuniinurie,  Bruxelles,  18A7; 
also  LcbwaoD.  Arch.  f.  path.  Anut.,  ltd.  xxx.  (1S04)  S.  sVS. 
>  Ann.  der  t.'bem.  und  Pbarm.,  Bd.  ff-2,  6,  Ltd. 

Chein.  CentrnlbUtt,  1K02,  No.  60. 

PflUger's  Ambtv,  li.  (1875)  3.  1. 
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solved  state,  iu  water,  und  heated  to  70°  C,  il  become*  eoiiicnlated,  and  is 
then  iiDdistingui6hable  from  coagulated  serum-ulbumin,  or  indeed  fpom 
any  other  form  of  coagulatod  proteid.  It  u  evident  that  the  subftianc* 
when  in  solution  in  a  diUile  acid  is  in  a  diOerent  condition  from  thai  in 
which  it  i«  when  precipitated  hr  nootraliuition.  If  a  mmntity  of  serum- 
or  egg-albumin  be  treated  wilh  dilute  bydroohluric  acid,  it  will  be  fnuud 
that  the  convenion  of  the  native  albumin  into  ncid-albumin  i»  ^mdua) ; 
a  specimen  heated  to  70°  C.  immediately  after  the  addition  of  the  dilute 
acid,  will  eoaguliite  almost  as  usual ;  and  another  apccimon  taken  at  the 
same  time  will  give  hardly  any  precipitiite  on  neulrahzalion.  Some 
time  later,  the  interval  depending  on  the  prnjK>rtion  of  the  ocid  to  the 
albumin,  "a  temperature,  and  on  other  circumf lancet,  the  con^ulntioD 
will  he  less,  and  the  neutmlizatinn  precipitate  will  be  considerable.  Still 
later  the  coagulation  will  be  nbf^cutf  and  the  whole  of  the  protcid  will  be 
thrown  down  on  neutnili/.ation. 

If  finely  ch<>ppe<l  nniRcle,  from  which  the  soluble  albnmios  have  been 
remo%'ed  by  rei.ettted  wnihing,  bo  treated  for  some  time  with  dilute  (0.2 
per  cent.)  bydruchloric  acid,  the  greater  part  of  the  muscle  i*  disn-lved. 
The  trane-parent  acid  filtrate  conlainB  a  Inrgo  quantity  of  proteid  material 
in  a  form  which,  in  iu  general  charaot«rft  at  least,  agrees  with  acid- 
albumin.  Th«  acid  iolution  of  the  prt>teid  U  not  coAgulHled  by  boiling, 
but  the  whole  of  the  proteid  is  precipitated  on  ncutraliration  ;  and  the 
precipitate,  Inftolublo  in  neutral  sodic  chloride  solutions,  is  readily  dia- 
solved  by  even  dilute  acids  or  alkalies.  The  proteid  ihu.s  obtained  from 
muscle  has  boen  called  ayntonin^  but  we  have  at  present  nu  Mttisfactory 
test  to  distinguish  the  acid-albumin  (orsynlonin)  prepared  from  muscle 
from  that  prepared  from  egg-  or  «vruni-n1bumin.  When  cougnlated 
albumin  or  other  coagtiliited  proteid  or  fihnn  is  dissolved  m  stnmg  acids, 
acid-albumin  is  formed;  and  when  fibrin  or  any  other  prot«>id  is  acted 
upon  by  gastric  juice,  bcid-albumin  is  one  of  the  first  products  ;  and  thcM 
acid-albumins  cannot  be  distinguished  fmm  acid-albumin  prejiared  from 
muscle  or  native  albumin.  Though  hydrochloric  acid  is  perha]>4  the 
most  convenient  acid  for  forming  acid-albumin,  other  acids  may  also  be 
used  for  the  purpose  of  preparing  it.  Acid-albumin  is  soluhle  mtt  only 
in  dilute  alkHlics,  but  also  in  dilute  solutions  of  alkaline  carbi.«natos  ;  ita 
solutions  in  the^e  are  not  coagulated  by  boiling. 

If  sodic  chloride  in  excess  is  added  to  an  acid  solution  of  ociJ-albaniin, 
the  acid-albumin  is  precipitated :  tbii  also  oocun  on  adding  iodic  ■c«Iite 
or  phosphHte. 

As  special  tests  of  acid-albumin  may  be  given  :  1.  Partial  cottgulatioo 
of  its  solution  in  lime-water  on  boiling.  2.  Further  precipitation  of  the 
tame  solution  after  boiling,  on  the  addition  of  calcic  chloride,  magnesie 
sulphate,  or  sodic  chloride. 

Dissolved  in  vcrv  dilute  hydrochloric  add,  nrid-albumin  (syntonln) 
prepared  from  muscle  pofse.<sp8  a  ppeciflc  IjrviKrotatory  power  of — 72*  for 
yellow  light,  this  being  independent  of  the  c»)nceiitrBtion.'  On  boatiDg 
the  solution  In  a  closed  vetscl  in  a  water-bath,  the  rutatory  pover  Haas 
to —84,8°. 

The  body  known  as  parapeptone,  which  makes  its  appearance  during 
the  peptic  digestion  of  prutoids,  is  closely  allied  to  Uie  suhstancoi  just 
deecribed.    (See  p.  294} 


Uoppe-Seytw,  Hdb.  Phys.  Path.  Chain.  Anal.,  fid.  ir.  (187&)  6.  ftU. 
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2.  Alkali-albumin. 

If  Mcrurn-  or  cg^albuniin  or  wasbed  diuscI"  bo  treated  with  dilulo 
alkali  instead  nf  willi  dilute  «eid,  the  pmt«id  undergoes  a  chao^c  quite 
Eiinitar  to  tiiut  which  was  brought  about  by  the  acid.  The  alkalinr; 
Holiilion,  when  the  change  hiu  become  complete,  is  no  longer  uoagulnlcd 
by  heat,  the  proteid  is  wholly  precipitated  on  neutralixation,  and  the 
prcciiiitate,  insoluble  in  water  and  in  neutral  sodic  chloride  <<i>lution<t,  is 
readily  soluble  in  dilute  acid*  or  alkalies.  Indeed,  In  a  general  way,  it 
may  be  said  that  acid-albumin  and  ulkali-albuniia  are  nothing  uiuro  than 
solutions  of  the  same  substtince  in  dilute  iicids  and  ulkaliej,  respeclirely. 
When  the  precipitate  oblatne*]  by  iho  neulrulizalion  of  a  isolation  of 
acid-albumin  in  dilute  acid  U  di»Kolvfsi  in  u  diltite  alkali,  it  may  be  con* 
sidored  to  become  alkali-albumin  ;  and,  conversely,  when  the  precipitate 
obtained  from  an  alkali-ulbumin  solution  U  di^iiolred  in  dilute  acid,  it 
may  be  regarded  as  acid'albLimin. 

It  1b  stated'  as  a  characteristic  reaction  of  thU  modified  or  derived 
albumin,  that  it  is  not  precipitated  when  it9  alkulino  solutions  nre  neu- 
tralized in  the  pretence  of  ulkaline  pha'tphule^ ;  solutions  of  ticid-Hlbuuiin, 
on  the  contrary,  are  r^aid  to  bo  prccipitaief!  on  neiitruMxalion  in  the 
presence  of  nlkalino  phoiiphate^,  and  thi^  diSbrcnce  i^  conHidorod  to  be  a' 
distinguishing;  fcttlure  of  the  two  proteidd.  But  doubt  has  been  cast  on 
this  ntatement.' 

Alkali-albuinin  may  be  prepared  by  the  action  not  only  of  dilute 
alkalies,  but  aUo  of  strong  caustic  alkalies  on  nutiv<!  albumins,  as  well  as 
on  coKgulatod  nlbumin  and  other. proteids.  Thu  jellv  produced  bv  the 
action  of  caustic  potash  on  white  of  egg,  spoken  of  in  Clas^  I.,  1,  h  alkalt- 
albuniin  ;  the  similar  jolly  produced  by  strong  acelic  acid  is  acid-albumin. 
One  of  the  m<^st  productive  methoda  of  obtaining  aUali-albumin  is  that 
introduced  by  Lieberkiibn,*  and  consist*  in  adding  a  strong  solution  of 
caustic  puta^b  bi  [>uritied  white  of  egg  until  the  abovo-ineiiLi<tned  jell^*  is 
obtained.  This  is  then  cut  into  small  piecea,  and  dialy/.ed  until  quite 
white.  The  lum^fs  are  ihen  dissolved  by  heating  on  the  water-huth,  and 
the  alkuli-albumin  precipitated  by  the  can.-ful  addition  of  Acetic  acid. 

B<ith  alkali-  and  acid-albumin  are  with  difficulty  precipitated  by 
alcohol  from  their  alkaline  or  acid  solutions.  The  neutralt/.ation  pre- 
cipitate, however,  becomes  coagulated  under  the  prolonged  action  of 
aloohol. 

Tbo  body  "  protein  "  desoribed  by  Mulder  (tppvurs.  if  it  exists  at  all,  to  bo 
olosely  eonnsL^lvd  with  this  body.  All  t^abnequeat  ubsflrvors  hare,  however, 
failed  to  ooDfirin  bis  viowe. 

The  rotatory  power  of  alkali-albumin  varies  according  to  its  source; 
thus,  when  prepared  by  strung  caustic  ixitasli  from  serum-albumin,  the 
rotation  rises  from — o6°  (thut  of  serum-albumin)  to  — 80°,  for  yellow 
light.  Similarly  prepared  from  egg-albumin,  it  rises  from  — 38. o''  to 
—47°,  and  if  from  congulated  while  of  egg,  it  rises  to  — oH.S®.  Hence, 
the  existence  of  various  fonns  of  alkali-albumin  is  probable. 

In  addition  to  the  methodH  given  libove,  nlkall-albiitain  may  be  also  resdl  j 
obtained,  by  shitking  milk  with  strong  caustia  soda  lulation  and  ether,  removing 

1  lioppe  Seyler,  loc.  cil.,  S.  2i5. 

»  Soykft.     PHiiger's  Aroh.,  Fid.  xii.  ( 1876)  S.  347. 

'  FoggondurlTs  Anniilon,  Bd.  Uxivi.  6.  118. 
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the  ethflrea.1  aolution,  prenipiUling  tho  remaining  Buid  with  aoetia  ftcid  &iid  waxb- 
ing  tbfi  preoipiute  with  water,  cold  alcohol,  and  etber. 

The  moat  utisfactory  method  of  regnrding  icid-  and  alkali-itlbuQifi 
is  to  consider  them  aa  reajieflWol^  noid  tind  nlknli  cnmpounds  of  the 
noutraliKtttion  precipituie.  We  have  reason  to  think  that  when  the  pre- 
cipitate is  di!>sulve(i  in  either  an  acid  or  an  alkali,  il  does  enter  into 
combination  with  them.  The  neulnilizHtion  precipitate  is  in  itwlf 
neither  acid-  nor  alkali-albumin,  but  may  become  either,  upon  solution 
in  the  respective  reagent. 

Il  u  probable  thst  several  derived  albuiutiis  exiBt.^  differing  according  to  the 
proteid  from  which  they  ure  formed  nr  ]>oBflbly  mccfnliug  tfi  tbe  mode  of  their 
preparnltoD,  and  that  each  of  tho«e  may  exi»t  In  He  u'ir relative  furineof  acid-  and 
alkatialbumin;  but  the  whole  aubjoct  requLrei  further  investigation. 

Acid>a]bumin,  prepared  by  the  direct  Hctii>n  of  dilute  acid*  on  native 
albumins  or  on  musde-^ub^tance,  cuatatns  sulphur,  as  shown  by  the 
brown  coloration  which  appears  when  the  precipitate  is  heated  with 
caustic  potash  in  the  presence  of  bnsic  lead  acetate.  Alkali-albumin, 
at  all  events  ns  prepared  by  tbe  nation  of  stn^n^  caufitic  p<itNsh  or  sf)da, 
does  not  cnrilain  any  sulphur;  and  the  acid  albumin,  prepared  by  the 
st'luiion  in  an  acid  of  the  noutralizjLtion  prccipitalo  from  such  an  alkali- 
albumin  aolutionf  is  similarly  free  fVom  sulphur. 


8.  Oaaein. 

This  is  tbe  well-known  proteid  existing  in  milk.  W'ben  fre«d  from 
fat,  and  in  the  inoi»t  condition,  it  is  a  white,  friaMo,  opaque  bikly.  lo 
mofil  of  its  reactions  it  correspoi<ds  closely  with  alkali-albumin  ;  ihu«,  it 
is  readily  soluble  in  dilute  acids  and  alkalies,  and  is  repn*cipitated  on 
noutraliisution  ;  if,  however,  potashic  phosphate  i»  present,  aii  i»  the  case 
in  milk,  the  solution  must  be  strongly  acid  before  any  precipitate  is 
obtained. 

Varioos  reactions  hare  at  different  times  been  aeiigned  to  easain  as  di>Ua< 
guiftbing  it  from  tbe  closol;  allied  body  alkali-albumin.  Later  re««archee  hare, 
however,  in  moiit  oa«eR  cast  ao  uiuch  duubt  on  ihete  diffarances  that  the  identity 
or  non-identity  of  oajein  and  alkali-nlbumin  mast  be  left  an  0|)en  qiie^lion,  tbe 
diseutfliun  of  which  would  l>e  nut  of  place  here. 

Casein,  as  occurring  in  niilk,  bat  had  aoTcral  raaotivn*  asoribed  to  it*  as  ehar- 
aoteriitio,  but  these  lose  their  importance  on  ecmtidering  that  utilk  oonla.iaa,  in 
addition  to  caveto,  other  subataooe*^  tucb  us  |kotaaiiic  pbotpbate,  and  a  aunbar 
of  bodies  which  yield  acids  by  fermentation.  Tbe  presence  of  potaiAtc  phos- 
phate ha«  an  especial  influence  on  tbe  reaolions  of  casein.  In  the  entire  abeence 
of  tbitt  fait,  acclir  ncid  in  tbe  untullcft  quantities,  as  also  oarbonic  anbydrtitih 
givee  a  precipitate;  but  if  this  salt  if  proenl,  earbonio  anhydride  gives  no  pre- 
cipitate, and  acetic  acid  one  only  when  the  iotution  if  acid  from  the  pr—aaea  DJ 
free  acid,  and  not  from  that  of  acid  potajsio  phoiipbate.* 

When  prepared  from  milk  by  magnesic  sulphate  (see  below),  freed  by 
ether  from  fats,  and  dissolved  in  water,  casein  posseases  a  ipecinc  rouiory 
power  of — 80°  for  yellow  light ;  in  dilute  alkaline  solutions,  of — Ttf^; 
in  strong  alkaline  solutions,  of — 91°  j   in  dilute  hydruehloric  acul  oC 


>  Morner.     Pfliiger'f  Aroh.,  Bd.  xvli.  (Ib'ft)  ?.  4A» 

>  See  KUbne,  Ubrb.  d.  Phyiiol,  Cbvm..  iSfiS,  S.  665. 
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Guein  has  been  asserltnl  to  occur  in  muscle,  in  6eiv)iia  fluid*,  and  in 
bloi>d-scrum  (scniin-L'aseinj.  In  many  ORSua  it  huft  prolmMy  \*een  con- 
founded witli  clobiiline  (i4ce  ClnEt:  III.);  but  blood-BCnitn  mid  muscle- 
plafltna  undo(ibie<lly  ointain  an  alkali-albumin  in  addition  to  whatever 
globulin  mny  be  present,  but  tbo  usual  d'Hibt  exists  as  to  tbo  identity  of 
this  with  true  easuin.  Its  presence  mny  be  shown  by  adding  dilute  acetic 
acid  to  blood-nerum  which  ha^  1>ei'n  fioed  fmm  ^^lo})t]lin  by  a  current  of 
carbonic  anhydride ;  a  distinct  precipitate  is  thrown  down.  A  subatance 
similiir  to  ciii^cin  Uhh  hUo  been  ae^Tibed  iis  existing  in  un^triBted  muscle 
and  in  tho  prtil<iplaAm  of  nerve-wlla. 

Preparation. — Dilute  milk  with  several  (ten  to  fifteen)  times  its  bulk 
of  water,  add  dilute  acetic  ncid  till  a  precipitnte  hcginfi  to  Appear,  then 
pass  a  current  of  carbonic  iinhydride,  filter,  and  wdsh  the  precipitate  with 
water,  alcohol,  and  cthor;  the  complete  removal  of  the  fat  carried  down 
with  the  casein  presents  i^orne  difficulties.  Ma^ncsic  sulphate  added  to 
saturation  also  precipitates  casein  from  milk  ;  the  precipitate  as  thus 
formed  is  rfadilv  <ohiDlQ  on  the  addition  of  water. 


,  Class  HI. — OlotuUus. 

Besides  the  native  albumins  there  are  a  number  of  native  proteids 
which  diir**r  from  the  album  ns  in  not  hcini^  soluble  in  distilled  water; 
they  need  for  their  solution  the  presence  uf  an  appreciable,  though  it  may 
be  H  small,  quantity  of  a  neutral  valine  body  such  as  sodic  chloride. 
Thtu,  they  resemble  the  albuiuinntes  in  not  being  soluble  in  distilled 
water,  but  dilfer  from  them  la  being  soluble  in  dilute  aodlc  chloride  or 
other  neutral  saline  solutions.  Their  general  characters  may  be  staled 
as  follows  : 

They  arc  ini«oluble  in  water,  soluble  in  dilute  (1  per  cent.)  solutions  of 
sodic  chloride;  they  are  also  soluble  in  dilute  acids  and  alkalies,  being 
chanjj;ed  on  S'ilnli<<n  Into  acid-  and  alkali'ulbuntin,  respectively,  unless 
the  acids  and  alkalies  are  exceedingly  dilute  The  saturation  with  solid 
sodic  chloride  of  their  solutions  in  dilute  sodic  chloride,  procipitatesmoel 
membew  of  this  class. 

1.  aiobtllin  {Cryiiallin). 

If  the  crystalline  Ions  bo  rubbed  up  with  One  sand,  extracted  with 
water  and  llUcred,  the  filiraic  will  be  found  to  contain  at  least  ihrco  pro- 
teids. On  pa«sin(j:  a  current  of  carbonic  anhydride,  a  copious  precipitate 
occurs ;  this  is  globulin. 

The  addition  of  dilulo  acolic  iicU  to  the  filtrate  from  tbo  globulin,  gives  a 
precipllAteof  alkiUi-albuialn.i  and  (ho  fiUral«  from  tbia  if  heated  gives  a  further 
preoipttsto,  duo  i»  vcruto  albutnin- 

In  its  general  reactions,  globulin  corresponds  almost  exactly  with  the 
next  members  of  this  class  (pHra^lnbulin  and  fibrinogen},  but  has  no 
power  to  form  or  promote  the  formation  of  fibrin  in  fluids  containing  the 
above-mentioned  bodies,  and  posfieisses  the  followinc:  special  features. 
1.  According  to  Lehmann,  its  oxygenated,  neutral  solutions  become 
cloudy  on  healing  to  7Z°  C  ,  and  arc  coagulated  at  93^  C.  2.  It  is  readily 
precipitated  on  the  addition  of  alci:diol.  According  to  Hoppe-Seyler.  it 
is  not  precipitated  on  saturation  with  sodio  chloride,  rosemDling  vitellin 
in  this  reapect. 


But  see  also  Pfltlger's  Aroh.,  Bd.  ziil.  (1876)  S.  631. 
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Avcurding  lo  Kiihne'  And  Kicbirsld'  &  gluhnlin  with  praperlle*  iilenliciil  wUb 
tho0e  just  given  maj  be  prvcipilittQil  froiu  ililutc  ccruni  hy  (ti«  cnutiour  addition 
of  acetio  Roid.  This  body  ii  «Ulcd  hy  Weyl "  Li>  he  the  satDa  an  paniglnhulifi 
(fibriuoplajntin),  the  latter  differing  from  H  onlj  bj  a  «ina1I  admixture  of  6brin- 
forment. 

2.  FaragrlobuUn  {FihT^hoplaatin). 

Preparntiun. — Blo(>d-9(.'ruin  is  diluted  ten-fold  with  Wfttcr,  and  a.  brUk 
current  of  carbonic  finh^'dride  \i  passed  through  it.  The  first-formed 
clnudiness  goon  Itecumtw  a  llocculcnt  precipiliiie.  which  i§  finally  quite 
granular,  tind  mn)'  esRily  Lo  depurated  hy  decantation  nnd  tiltnition;  it 
should  be  wiished  on  the  flltor  with  wate-r  conluininp  carbonic  acid. 

It  has  usually  been  staled  that  purn^lubulin  may  be  geparaied  froin  ecruin 
by  SHtumtioit  with  sodio  chloride.  But  IlamniHrtton*  has  shown  that 
tliifi  IP  only  in  part  true,  a  cunaidomhlo  portion  of  the  globulin  remaining 
unprecipiti»ted.  The  fieparation  luay,  hctwever.  be  completely  effected  by 
faturation  with  mnpne«jc  sulphuto.  When  delcnnined  by  this  method, 
the  amount  of  pnraglohulin  in  .*criim  is  very  conFidf*riiMp,  nnioiinting,  in 
some  cfifee-  according  l^  HnmninrHten,  lo  as  much  as  4.ri65  per  cent, 
(reckonrd  on  100  cc.  of  serum).  The  quantity  seems  to  vary  in  ttifTcrent 
ilniioaU,  the  prGcipitiition  being  much  more  complete  in  ^erum  fr«im  ox- 
blood  than  in  thai  from  the  blood  of  horsea 

From  its  solution  in  dilute  8odic  chloride,  parmplobulin  may  be  pnw 
ripitated  hy  a  current  of  carbonic  anhydride  or  the  addition  of  M*fj'*r/m^/y 
fiitiitf  (le*!!  thun  1  pro  railUi)  acetic  noid.  If  the  acid  is  strong,  the  pre- 
eipitaled  (iroteid  becomes  immediately  changed  into  acid-nlbumin  fCl*j« 
II.,  1).  In  pure  water,  free  from  oxygen,  paraghihulin  is  in*ohih!p,  hut 
on  (:hakini;  with  air  or  pa8sing:a  current  of  oxygen,  solution  readily  takw 
plrtce;  from  this  it  may  be  reprecinitated  by  a  current  <if  carbonic 
anhydride.  Veiy  dilute  alkalies  dissolve  this  futdy  without  chanpe  ;  if, 
h  iwever,  the  fitronpth  of  the  alkali  be  raided  even  to  1  per  cent.,  the  para- 
globulin  is  changed  into  alkali-nlbumin  fClriss  II.,  1!). 

According  to  Kuhno  and  A.  S<"hmidt,  the  fohittons  of  this  body  in 
water  containing  oxygen  or  in  vcr^'  dilute  alkulies  are  not  coai^ulateo  on 
healing.  The  sodic  chloride  si'lutions  do,  however,  coa^tuUte  when 
healed  to  i;8**-70''  C.,*  and  if  the  aubslance  itself  be  «uflp«nded  in  water 
and  healed  tt'  70^  C.  it  i.i  coagulated.  Although  insoluble  in  Alor>hol,  ila 
solutions  arc  with  difficulty  precipitaled  by  this  reagent. 

Paraghtbulin  occurs  not  only  in  blood-<ierun),  but  it  ii  also  found  In 
white  corpuaden,  in  the  slro'iia  of  red  corpun-Ioa  (to  »ome  extent  «t 
least),  in  connective  tiR^uc,  the  cornea,  aqueouB  humor,  lymph,  chyle, 
and  .serous  tluid»<. 

For  (he  ocourrenco  of  globulin  !a  arlne  ne  £d1efRfla*  and  Senator.* 
8.  Fibrinoffen. 

The  general  reactions  of  thiji  body  arft  identical  with  tho^eof  nam- 
globulin.     The  most  marked  differenco  bctwwn  Iho  two  is  the  poitil  at 

»  Lahrb.  d.  Phyiiol.  Chetn.,  1868.  8.  17S. 

*  Bttilr'age  lar  Chem.,  d.  g«veh«b]M.  Sabsl.     Berlin,  187.*t.     lU.  I, 
■■'  ZeiUohr.  f.  Phyniol.  Chom.,  lid.  1.  (187»)  S.  TO. 

*  POUser'e  Archiv.  Bd.  zviL  (i878)  S.  44ti.     Dd.  xtIU.  (ISTS)  6.  Jt«. 
^  llammartten.  op.  nit, 

*  Centralblatt  f.  d.  med.  Win.  Jahrg.,  1870,  8.  W,  Alio  Ar«k.  f.  Uia.  Hed.. 
Bd.  vii.  S.  fltr. 

'  Virchow'*  AtoMt,  Bd.U.8.47fl. 
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which  coagulation  of  their  solutioiu  takes  place.  Hammmten^  hat 
shown  that  fihrinogen  in  a  1-5  per  cent,  solution  of  sodic  chloride  coagu- 
\uit&  Hi  from  6'i**-65°  C,  whereas,  as  stated  tibove,  puruglubuliu  (librino- 
plastin)  ooBgulatcs  first  at  from  eS^-TO"  C.  Tliis,  however,  is  disputed 
by  A..  Schmidt,  who  holds  that  the  substance  coaguluiing  at  52°~ri5°  G. 
is  not  fibrinogen,  but  a  sort  of  nascent  fibrin.  There  is  also  a  marked 
difference  in  the  nrecipitabiliiy  of  the  two  tx>dies  by  sodic  chloride.  (See 
below.)  Other  ailTeronces  between  the  two  ni»y  be  thus  enumerated: 
In  precipituting  fibrinogen  by  h  current  of  carKiuiu  unliydride,  the  con- 
taining lluid  must  be  much  more  strongly  diluted,  and  the  gns  must  pass 
for  a  much  longer  time.  The  precipitate  thus  obtained  dlflera  from  that 
of  paraglobulin  in  that  it  forms  a  viscous  deposit,  adhering  morocloaoly 
to  the  sides  and  holU^m  of  the  containing  vesael ;  there  is  also  no  floeou- 
lent  stage  previous  to  the  viscouo  precipitate. 

Fibrinogen  occurs  in  blood,  chyle,  senilis  fluids,  and  in  various  transu- 
dations. The  relations  of  fibrinogen  and  paniglobulin  to  the  formatifm  of 
fibrin  have  been  discussed  in  the  text,  p.  43. 

Preparation.'' — Sailed  plut>ma,  obtained  by  contrifugaUxing  blood  whose 
coaguUtion  i»  prevented  by  the  addition  of  a  certain  proportion  ufning- 
nealc  sulphate^  is  mixed  with  an  equal  vulumo  of  a  saturated  (35.87  per 
cent,  at  14**  C.)*  solution  of  sodic  chloride;  the  fibrinogen  is  thus  pre- 
cipitated while  the  paraglobuhn  remains  in  solution.  The  adhering 
plasma  may  bo  removed  by  washing  with  a  solution  of  sodic  chloridOt 
and  the  fibrinoy^on  Qntilly  ptirified  by  being  several  times  dissolved  in  and 
reprecipitated  by  sudic  chloride. 

There  is  no  proof  that  the  whole  of  the  (tuh^lance  thrown  down  by  car- 
bonic anhydride  from  diluted  blood^erum  i.f  fibrinoplastic ;  ind^ud,  we 
know  that  a  true  globulin  devoid  of  flbrinaplastic  properties  may  be  pr«- 
pared  rrom  serum.*  Weyle*  considers  that  there  is  only  one  globulin 
m  serum,  which  he  characterizes  by  the  name  of*'  serum-globulin,"  and 
regards  fibrinoplastin  as  a  mixture  of  this  body  with  a  portion  of  fibrin- 
ferment.  We  know  for  certain  (see  p.  40)  that  the  whole  of  the  flbrino- 
plustic  precipitate,  used  to  cause  the  coagulation  of  a  fibrinogenuus  ttuid, 
tl'-es  not  enter  into  the  composition  of  the  fibrin  produced  ;  we  also  know 
that  such  a  procipitale  may  lose  its  fibrinoplHstic  powers  without  any 
marked  change  in  its  general  reactions.  It  would  seem  advii<HbIe,  there- 
fore, to  s[«ak  of  *ho  deposit  produced  hy  carbonic  anhydride  in  dilute 
serum,  or  hy  saturation  with  sodic  chloridf)  in  undiluted  serum,  m  globu- 
lin, and  to  (liBLinguish  it  as  fibrinoplastic  globulin  when  it  is  able  to  u^ive 
rise  to  fibrin.  Kiorinogeu  similarly  mi^ht  be  spoken  of  as  flbrinogenous 
globulin.  The  mime  crystallin  rather  than  gtooulin  might  then  bo  given 
to  the  substance  obtained  from  the  crystalline  leus. 

4.  Myosin. 

Thid  i.«  the  substance  which  forms  th«  chief  proteid  constituent  of  i 
rij<Id  muscle;  its  general  properties  and  mode  of  preparation  have  beei 
already  described  at  p.  94.     In  the  moist  condition,  it  forms  n  gelatinous, 
elastic,  clotted  mass;  dried,  it  is  very  brittle,  slightly  tranaparent,  and 
elastic.     From  its  solution  in  sodic  chloride  it  is  precipitated,  either  by 

'   Upsala  Uikarefurenings  nirhamlliDj^itr,     Hd.  xi.,  1S76. 
>  See  Bammareten,  Nov.  AiU.  Ilag.  Sno.  Soi.  UpBals,  S«r.  ill.  Vol.  x.  (1S75) 
p.  :t2.     Aliin  PflURAr's  Arohiv.  Bd.  xlx.  (1879)  8.  663.  Bd.  xxti.  (1880)  S.  491. 
'  Poggl»le,  Ano.  Chini.  Pbyi.,  (3)  Vol.  rlii.  p.  409. 
*  Kfihne  and  Eiobwaldf  loo.  oit.  ^  Loc.  cit. 
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extreme  dilution,  or  by  Batiimlion  with  the  solid  bhU.  When  precipitated 
by  dilution  and  snbmitled  to  the  prolonged  aetfon  of  wnter,  myosin  loses 
it&  pronerty  of  beiiig^  Kuluble  in  «oltilion«  uf  &odic  chloride.'  The  «odie 
chloriao  soliilion,  if  exposed  to  ih  rising  lomperatnre,  become?  milky  at 
66°  C,  and  gives  a  flocculonl  precipitate  nt  60**  C.  This  precipitate  id, 
however,  no  longer  myosin,  for  it  is  insnhible  in  a  10  per  cenl.  iodic 
chloride  solntion,  and  dotss  not,  until  (ifl^'r  many  days' oigefttion,  yield 
syntonin  on  iroAtment  with  hydrochloric  acid  (0.1  percent.).  Il  is,  in 
fact,  coagulated  proteid  (?ec  Cln^a  V.). 

Myosin  is  excessively  soluble  in  dilute  ncids  and  alkaliee.  Advantage 
may  be  taken  of  its  Bolubilily  in  the  former  lu  extract  it  from  muscles  * 
But  if  the  reti^jienta  are  iit  all  concentraiod,  myosin  undcrgoe*  in  tlie  act 
of  ftolution  a  mdienl  change,  becoming  in  the  one  cate  aiid-albuoiin  or 
aynlonin,  in  Ihe  other  alkuli-ulbumin  (ClaFS  II.). 

Like  fibrin,  it  onn  in  «ome  <nk»e$  ilocompoio  hydrogea  diojride,  aad  oxidiM 
guftiacuiu  i*itli  rurtufitiun  of  ii  blue  culur. 


5.  VltelUn, 

As  obtained  from  yolk  of  egg,  of  which  it  h  the  chief  proteid  constitu- 
ent, vitelliti  is  a  white  granuUr  body,  int^oluble  in  water,  but  very  Aohible 
in  dilute  sodie  chloride  Bolulions-  it  surpiisKes  myotin  in  this  reapect,  fur 
the  solution  may  bo  easily  fllterea.  It«  coai^ulaiion  temperature  is  hieher 
tban  thHt  uf  myosin,  lyinc,  according  (o  Wey!,* between  70°  C  and  W^C. 
Sntumtion  with  solid  sodic  chloridt*  givea  no  precipitate;  in  this  retpect 
it  dilfcra  fpum  most  other  members  of  this  class.  In  yolk  of  egg  viiellin 
ia  hIwhvs  H»>>(>i>i]iled  with,  and  probably  exists  in  coiubinnlion  with,  the 
peculiar  complex  body,  lecithin. 

Dvals,  ani]  artor  hita  Uuppo-Sayler,  bavo  ihown  that  ritallin  bofor*  tfa*  tr««t- 
meot  requisite  to  free  il  from  tecithiD.  posscftsos  properties  quite  differeat  froto 
other  protoidd. 

A  theory  has  been  Hdvanced  that  vitellin  is  really  a  complex  body  like 
hiemo^lobin,  and  on  treatment  with  alcohol  splits  up  into  ooagulaled 
pn.>leid  and  lecithin.  When  well  puriHed  it  conlains  0.75  percent  sul- 
phur, but  110  phiJbptiorus.  I>iliite  ucid^  or  Blkulics  readily  convert  it  in 
ita  uncoagiilutcd  form  into  a  member  of  Class  11. 

Fremy  and  Valeociennei '  have  desnrlbed  a  certts  of  protelds,  vU..  lobtbla, 
iohthidia,  etc.,  derived  from  fish  and  amphibia.  They  appear  Id  be  eilliflr 
identical  with,  or  olonol^  related  to,  vittllln. 

Preparation. —  Yolk  of  e^^  \«  treated  with  sncoesaivo  quantltiec  of 
ether,  as  long  as  this  extnicts  any  yellow  coloring  matter;  the  rraidue  i* 
dissolved  in  nH»dorately  i!;trc>ng  ( 10  per  rent.)  »i>dic  chloride  solution,  and 
liltered.  The  nitrate  nn  faltintc  into  a  large  excessof  water  is  precipitated. 
In  thif  state  it  is  mixed  with  lecithin  and  niiclein,  and  in  order  to  free  it 
from  thtjse  it  Wiu  usually  treated  willi  alcuhol.  This,  m  above  stated, 
entirely  changes  the  vilellin  into  &  coBi;ulut«*d  form.  It  seems  phibable 
that  the  separation  of  vitellin  from  &«  olhar  bodies  with  which  it  U 
mixed  in  tue  yolk  of  egg  may  be  efl'ectod  by  pracipitating  (he  •>jdlc 
chloride  solution  by  thd  addition  of  excess  of  water;  lb«  pn>cl|utJit«' U 

'   Weyl,  Zoitachr.  f.  ph/?iul.  Cbrni.,  Bd.  i.  (IS78)  S.  T7. 

>  Danllewaky,  Zvllseb.  I.  pbyidul.  Cbew.,  Bd.  v.  (UHl)  5.  169, 

'  Op.  eit  *  Ooinpt.  Kend.,  T.  zxarlii.  pp.  4«V  aad  ftU^ 
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lien  rediMolved  in  10p(*r  cent,  snlution  of  sodic  chlgride,  and  Ihu  proceu 
L'pcalod  lu  rapidly  aa  piifisible.* 


n.  aiobln. 


Globin,  stftt«cl  by  Prefer'  to  be  the  proteid  reiidae  of  tb«  ootnptox  body 
hvoitigltibin  (*ee  p.  -ItiH),  ought  tirohubty  to  bo  onnKidored  nA  an  outlying  ui«in- 
ber  of  Ibit  olftHt.  It  it,  bowever,  nut  rnKdily  Huliiblv  either  in  dilate  ncidi  or 
Bodlo  cbluride  solntions.     It  ii  »,id  to  be  absolutely  free  from  usb. 

Cla&s  1Y. -^Fibrin. 

Insoluble  in  water  and  dilute  sodic  chloride  aolulions;  soluble  with 
difficulty  in  dilute  acids  and  alkalios,  and  more  concentrated  neuirul  saline 
■olutionp. 

Fibrin,  as  ordinarily  obtained,  exhibits  a  fllHmentous  slnicture,  the 
component  threads  posftcssing  an  elasticily  much  greater  than  that  of  any 
other  known  solid  prumid. 

If  allowed  to  form  gradually  in  large  waaseif,  ibe  6IamflDtouB  Btructure  is  Dot 
•o  oolicoftble,  and  it  receuibjits  in  this  form  pure  India  rubber.  Bucb  luiupi  of 
fibrin  are  capable  of  being  split  in  any  direoti"n,  and  no  deSnite  arraogciucnt 
of  parallel  bundles  of  fibre;;'  can  be  made  out. 

At  ordiniiry  lpmperBlun?8  flbrin  is  iru*<ilnble  in  water,  being  dissolved 
only  at  very  nigh  icmjionitiirci*,  and  then  undergoing  a  complete  change 
in  its  cbaraclen.  In  bydruchloric  acid  loiutiuns  of  1-5  percent,  tibnn 
swells  up  and  becomes  trnnspnrent,  bt.t  is  not  die^olved.'  In  this  condi- 
tion the  mere  removal  of  the  acid  by  an  excels  of  water,  neutralisation, 
or  the  additioD  of  some  salt,  cau&es  a  return  to  the  original  stale.  If, 
however,  the  acid  be  allowed  tu  act  fur  many  days  at  ordinary  tcmpera- 
turM,  or  for  a  few  hours  at  40°-flO°  C,  solution  takes  pluco,  and  the 
resulting  proteid  is  syntonin.  In  dilute  alkalies  and  ammoniu,  iihrin  is 
much  more  readily  aoluble,  though  in  thifi  cafe,  also,  the  solution  is 
greatly  aided  by  warming  ;  the  resulting  fluid  contains  nu  longer  fibrin, 
but  Hlkuli-Rlbiimin.  This  property  is  not  di>-tinctly  chumcteristic  of 
fibrin,  although  it  dissolves,  perhaps,  more  readily  in  both  dilute  acidi 
and  alkHliod  than  do  atagulated  proteids.  None  of  these  solutions  cait 
b«  coagulated  on  heating,  which  is  intelligible  when  it  in  renicnibcred 
that  they  no  longer  contain  fibrin,  but  either  acid  or  nlktili-nlbumin.  lo 
addition  to  the  above,  fibrin  is  soluble,  though  with  difficulty  and  only 
after  a  considenible  lime,  in  10  per  cent.  Btdulions  of  sodic  chloride, 
potAssic  nitrate,  or  sodic  sulpbuto,  the  solution  being  often  accompanied 
by  putrefactive  changes.  These  solutions  may  bo  coagulated  by  a  tem- 
perature of  60°  C.,  and  are  precipitated  by  dilution  with  water  orsalurn- 
liOQ  with  si'lid  sodic  chloriae;  in  fact,  by  the  action  of  the  neutral  «aline 
solutions,  the  fibrin  has  become  converted  into  a  body  exceedingly  like 
myosin  or  globulin.* 

On  ignition  of  fibrin,  a  residue  of  inorganic  matter  h  always  obtained  ; 
it  h,  however,  considered  that  eulphur  Is  the  onlv  one  of  these  elements 
which  enters  essentially  into  its  composition.  In  other  respects,  fibrin 
corresponds  entirely  in  general  eompo»ition  wilh  other  proteids. 

Susi>ended  in  water  und  heated  to  70°  C,  it  loses  it«  elasticity,  and 

1  Weyl,  op.cil.  B.  64.  «  Die  Blolkryiitalle  (IS7I),  S.  !««. 

'  Complete  tiulutiun  uiay,  buwevcr,  take  place  if  the  fibrin,  aj  i»  fre4ueutly 
Ibo  oaae,  ountaini  any  ftdfaerent  pepsin. 
'  OavUer.  Compt.  Kend.,  T.  Ixzix.  (1874)  p.  237. 
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beoomu  opaque ;    it  is  then    indUtinguUhttble  from  other   coftguUt 
proteids. 

A  pacaltnr  properly  of  thlf  bodj  rentAina  yet  to  be  mc'Dtioned,  rii.,  itJ  |iDwer 
(leeomposiDg  bydrogeo  Hioxids.  Pieow  of  fibria  plitced  in  tbtH  fluid,  ihoagh 
tbetDMUes  under^iog  no  cbiinge,  loon  beconiQ  oorercd  nith  bubbles  of  oxjgen  ; 
mod  guai«euin  it  turned  bloe  hy  fibrin  in  pre«enc«  of  bydrogen  dioxide  or  oton. 
iK«d  turpeuline. 

Preparation. — By  vignruuslji'  stirring  bluod  with  a  bundle  of  twigs  and 
then  WBiihiri)^  with  water  until  it  is  quitfr  whit«.  If  required  perfectly 
pure  and  coWleBia,  it  should  be  prepared  from  pla&ma  free  from  coti>us> 
dee.  If  thi*  blood,  before  stirring,  be  diluted  with  an  equal  bulk  uf 
water,  the  subsequent  washing  of  tlie  fibrin  i&  much  fncilitated,  and  it 
mny  readily  be  obtained  quite  while.  Any  adherent  fats  may  be  re- 
moved by  ether. 

When  globulin,  myosin,  and  fibrin  are  compared  each  with  the  other, 
it  will  be  seen  that  iboy  form  a  series  in  which  myosin  is  intermedialA 
between  globulin  and  fibrin.  Globulin  is  excessively  soluble  in  even  the 
must  dilute  ucids  and  alkalies;  fibrin  is  iilmost  insoluble  in  these;  while 
myasin,  though  mure  soluble  than  fibrin,  is  less  soluble  than  globulin. 
Glubulin,  af;ain,  di&sulves  with  the  greatest  ease  in  a  very  dilute  »nlution 
of  fiodic  chloride.  Myosin,  on  the  other  hand,  dissolves  with  difii<-i>lty ; 
it  is  much  more  soluble  in  a  10  percent,  than  in  a  1  per  cent,  solutioa 
of  sodic  chloride;  and  even  in  a  10  per  cent,  solution  the  myosin  can 
hardly  be  said  to  be  dissolved,  so  viscid  is  the  resulting  fluid  and  with 
such  difficulty  does  it  filter.  Fibrin,  again,  dissolves  with  gre&t  diffi- 
culty and  very  slowly  in  even  a  ten  per  cent,  solution  of  wdic  chloride, 
and  in  a  one  nercenU  liolution  it  is  practically  iuroluble.  AYhen  Jt  i« 
renu'mbcred  thnl  fibrin  «nd  myosin  are,  both  of  them,  the  results  of  co- 
agulation, their  similarity  is  intelligible.  Myosin  is,  in  fact,a  somewbal 
more  liolultle  form  of  fibrin,  deposited  not  in  threads  or  fllmraeats,  but  iu 
clumps  and  masses. 

Class  V. — OtagiUated  FroteitU. 

These  aro  insoluble  in  water,  dilute  acids  and  alkalies,  and  neutral 
saline  solutions  of  all  etrengths.  In  fact,  they  are  really  soluble  only  In 
strong  acids  and  strong  alkHlies,  though  prolonged  action  of  even  dilute 
acids  and  alkalies  will  etTect  some  solution,  r^pociiiUy  at  high  tempera- 
tures. During  solution  in  strong  acids  and  alkaliei),  a  df^structive  decom- 
position takes  place,  but  some  amount  of  acid-  oralkali-albumin  is  always 
produced. 

Very  little  is  known  of  the  chemical  characteristics  of  this  class.  They 
lire  produced  by  lii-aling  to  70**  C,  solutions  of  egg-  or  serum-albumin, 
globulins  8us|>fndcd  in  water  or  dissolved  in  saline  solutions;  by  bolting 
for  a  hhori  time  fibrin  suspended  in  water  or  dissolved  in  saline  solutions, 
or  iirecipilHted  acid-  nod  ulkali-albumin  suspended  in  water  They  are 
readily  converted  at  the  temperature  of  the  oody  into  peptones,  by  Ihe 
action  of  gastric  Juice  in  an  acid,  or  of  pancreatic  juice  in  an  alkaline 
medium. 

All  proteids  in  solutions  are  precipitnto<1  by  an  exceai  of  strong  alcohol. 
If  the  precipitant  be  rapidly  removed  they  are  again  soluble  in  water, 
but  if  the  prfH'ipitaled  proteids  arc  subjected  for  some  time  to  the  action 
of  the  alcohol  they  are,  with  the  exception  of  peptones,  coagulated  and 
lose  tholr  solubility.     It  appears,  howflver,  that  tho  prototda  ootit^a«d 
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in  the  uleurono-gr&inR  of  plants  are  oxoeedingly  rci^isunt  t/i  tliia  cuogii. 
Iftling  action  of  ■leobo).* 

It  ■Mm?  «e*rceljr  necepearjr  to  point  out  the  diBtinctiun  in  tbtt  u"e  of  the  trord 
'*  ooftgalation  "  hi  iippli«d  to  blood  or  aiu9clo-plB»ma.  on  tbe  ooe  band  and  to  the 
ftotion  or  heat  and  kloobol  opon  protoidi  on  tbe  other.  Tbo  difTcrenco  if 
obvtoui  when  it  i»  remembered  thnt  in  the  firot  oikie  the  coagulation  loa«^a  to  the 
formation  of  Qbrin  (Class  IV.\  or  ui}-o«in  (Class  III.),  and  that  these  bodies 
may  then  farther  be  ooagulnted  bj  bent  or  alcohol  a5  described  above. 

Clam  VI. — Pfpfones. 

Verv  loluble  in  water,  and  not  precipitated  from  their  aqueous  boIu- 
lionii  by  tbe  addition  of  acid«  or  nlknlie*,  or  by  boiling.  Insoluble  in 
alcohol,  they  aro  precipitated  with  difficulty  by  this  reagent,  and  aro  un- 
chuuged  in  the  process;  tbuy  differ  fruin  all  other  prutuidfi  in  twi  beiTi^ 
coagulated  by  prolonged  exposure  to  alcohol.  They  are  not  precipilHted 
by  cupric  sulphate,  ftrric  chloride,  or,  except  in  the  instances  lu  bo  men- 
tioned presently,  by  potMssic  forrocynnide,  and  acetic  acid.  In  these 
points  they  differ  frum  most  other  proleids.  On  the  other  hand,  precipi- 
tation 13  caused  by  chlorine,  iodine,  tannin,  mercuric  chloride,  nitrate* 
of  mercury  and  silver,  and  both  acettitos  of  lend  ;  also  by  bilo-ucids  in  an 
acid  solution.  In  common  with  all  ])rote)d!>,  lbe«o  bodies  piw^^oAs  & 
specific  liuvo-rolatory  power  over  polarized  light;  but  they  differ  from  all 
other  pruteids  in  tbo  fact  that  boiling  produces  no  change  in  the  amount 
of  rotation. 

A  solution  of  neptonea,  mixed  with  a  strong  solution  of  caustic  potash, 
gives,  on  the  aadition  of  a  mere  trace  of  cupric  sulphate,  a  pink  color. 
An  excess  of  the  cupric  salt  gives  a  violet  color,  which  deepens  in  tint  un 
lK>iling — in  fact^  the  ordinary  proleid  reaction.  Other  proleids  simply 
give  the  violet  color.  But  the  most  characteristic  feature  of  peptones  is 
their  relatively  great  dtffusibility,  a  property  which  they  iiloue,  of  all  the 
proteids,  may  be  said  to  possess,  since  all  other  forms  of  proteids  pass 
through  membrnncs  with  the  greatest  difficulty,  if  at  all. 

The  diffutibility  of  peptones  is,  however,  absolutely  small  as  oompared  with 
that  of  crystalline  bodies  each  as  itodia  chloride;  in  fact,  volutioDt  of  peptones 
may  be  freed  from  salts  by  dialysts,  a  process  employed  in  thoir  preparation. 

Notwithstanding  their  prrjbable  formation  in  large  quantities  in  tho^ 
stomach  and  inte?tinc,  to  judge  from  the  results  of  artificial  digestion,  ■' 
very  small  quantity  only  can  be  found  in  tbe  contents  of  thc^e  organs. 
They  are  probably  absorbed  as  soon  as  formed.  Another  point  of  interest 
is  their  reconversion  into  other  forma  of  proteids,  since  this  must  occur 
to  K  great  extent  in  tbe  body.  We  are,  however,  as  yet  ignorant  of  the 
manner  in  which  this  reverse  change  is  effected. 

Production. — All  proteids,  with  the  exception  of  lardacein  fsee  p.  852), 
yield  peptones  (and  other  products)  on  treatment  with  acia  gastric  or 
alkaline  pancreatic  juice,  nnwl  readily  at  the  temperature  of  the  human 
body.  Poptonos  are  liicewise  produced,  in  the  abficnco  of  pepsin  and 
try|tsin,  "by  the  action  of  dilute  and  moderately  strong  acids  at  medium 
tern  peratare«,  also  by  the  action  of  distilled  water  at  high  tempel«tures 
under  prcssuie.  For  various  methods  of  preparing  peptones,  see  Maly,' 
Adamkiewica,"  Henninger,*  and  Pekolhanng.^ 

1  Bee  Tinett,  Jl.  of  Physiol.,  Vol.  iii.  p.  lOH. 

»  Pnilger's  Arob.,  Bd.  is.  (IS74)  8.  .'.So. 

*  Die  Natur  u.  NUhrweith  d.  Peptone  (IS77),  S.  ^13. 

*  Do  la  Nature  et  du  R6le  pbyBiologtqae  des  Peptunee,  PuU,  l%1%. 
>  PllUger's  Arob.,  Bd.  xxU.  (1882)  8.  180. 
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It  ftppAftri  pMfibIa  to  roobtftin  ordinftrjr  oo»guUb1a  protcMi  from  p«f»toBM 
by  tfa«  action  of  either  prolooged  beating  to  WO^-ITO^  G.  or  of  dafaydr&iref 
agenu-* 

No  difference  in  percentage  composition  between  peptottet  and  the 
pruteid  from  which  tney  arc  formed  has,  at  present,  been  acfinilel^  Mtah- 
lished. 

We  have  used  the  phrase  "  peplonos  "  in  the  plural  number l>ec&u»e  we 
have  reason  to  think  thut  more  than  one  kind  of  peptone  exiEt?.  Mei«»- 
ner'deicribed  three  peptone*,  naming  them  respectively  A-,  H-,  and  C- 
peptono.  He  distioguiahed  them  as  follows:  A-pepione  is  precipitated 
from  iu  aqueouf  solutions  by  concentrated  nitric  acid,  and  aUo  by  potasaic 
frrrooyanide  in  the  presence  of  even  weak  acetic  acid.  B-pepl«<ne  is  n».»l 
precipitated  hy  concentrated  nitric  acid,  nor  will  potaasic  frrrc»cyanidfl 
give  a  precipitate  unless  a  condideniljle  quantity  of  ttrcttif*  acetic  acid  be 
added  at  the  same  time.  C-peptone  is  precipitated  noitber  by  nitric  acid 
nor  by  potassic  ferrocvanidc  and  noetic  acid,  whatever  be  the  ftrenj^th  of 
the  acetic  acid.  In  place,  however,  of  speaking  of  all  Lhesc  us  peptones, 
it  it  better  to  consider  C-peptnne  &«  the  only  real  peptone,  and  the  A-  and 
B-  peptones  as  not  peptones  at  all.  NcvertheleSfS  we  have  reasonj  ^m 
the  researches  of  Kuhne,  to  (peak  of  more  than  one  |ieptone,  viz.,  of  a 
beniipeptone  wliich  i9,  capable  under  the  action  of  trypsin  of  betng  con- 
verted into  leucin  and  lyroein,  and  of  an  antipeptone  which  reMSts  such 
a  decomposition.  The  name  antipcptone  is  given  to  the  latter  on  mccount 
of  this  resistance  which  it  olTer*  toward  trypsin ;  the  name  hemipeplone. 
i;iven  to  the  former,  ngnifics  that  this  peptone  is  the  twin  or  correlative 
half  of  antipeptone. 

We  have  seen  (p.  294]  that  when  any  proteid  is  digested  with  pep«n, 
what  WG  may  preliminarily  call  a  by-pn^duet  makfts  iUappcarancc  This 
by-productf  which  has  many  resembtunc^  U*  acid-nlbuirnn  '^rsyntonio, 
appearinfi^  a^  n  neutmlixntion  precipitate  soluble  in  dilute  acids  and  alka* 
lies,  but  insoluble  in  distilled  water,  is  generally  sp«iken  of  as  parapeptnne. 
Accordiui;  to  Finkler'  this  iieiilralization  precipitate  is  especially  abun- 
dant if  the  pepsin  be  previously  modified  by  exposure  to  a  temperature 
of  40°  to  G0°  C.  The  pepsin  thus  modified  is  spoken  of  by  Kinkier  as 
"isopepsin."  Many  auttiors  regard  parapeptone,  syntonin,  and  ackl* 
albumin  as  beinp^  the  same  thing.  Mei^sner,  however,  gave  the  uanin 
parapeptone  to  a  body,  which  need  nut  and  probably  does  not  make  its 
appearance  durini;  normal  natural  digestion  or  during  artificial  digestion 
with  a  thoroughly  active  pepsin,  but  which  is  formed  when  protieds  aiv 
subjected  to  the  action  of  weak  hydrochloric  acid,  eithur  alone  or  in  com- 
pany with  an  imperfectly  acting  pepsin,  and  which  in  ccruin  characters 
IS  quite  distinct  from  ordinary  syntonin  or  acid<album)n.  Its  distinguish- 
ing feature  is  that  it  cannot  be  changed  into  |>eptone  by  the  action  of 
even  the  most  energetic  pepsin,  though  it  is  readily  so  converted  under 
the  influence  of  trypsin;  otherwise  it  very  closely  resembles  syntonin. 
AVc  have  here  sn  indication  that  the  simple  characters  by  which  we  have 
described  acid-albumin  may  be  borne  by  bodies  having  marked  diflVr- 
ences  from  each  other.     The  researches  of  KOhne*  have  thrown  an  im- 

I  Heoninger.  loc.  cit.,  Hofmeister.  Zeitsch.  f.  physiol.  Cb«D..  BJ.  It.  (I97i). 
B.  30A.     Pekelbarioff.  loe.  eit. 

)  Zeitfchr.  f.  rat.  Meil.,  Bde.  vii.,  riii.,  x.,  zil..  and  xlv. 

»  PftiJger'j  Arobi*.  x\r.  {IS77)  8.  128. 

*  Only  a  tbart  aceonnt  of  these  has  as  yat  been  pobliahed.  Ysrhaad.  (!• 
Natnrhist-Mad.  Var-Ueidelbg.  Bd.  L  Uf.  4. 1875. 
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porUnt  light  OD  these  differences.  The  fundamental  notion  of  KQbne's 
view  id  thut  an  ordinary  native  albumin  itr  fibrin  containB  within  itself 
two  residues,  which  he  culls  respectively  Hn  Hnti-re«idue  and  a  hfmi- 
rcsidue.  The  roault  of  eilhur  m^ptiL*  or  tryplic  digestion  is  U>  uplit  up  the 
albumin  ur  fibrin,  and  to  prtHJuce  on  the  pari  of  the  unti-re«iduc  unli- 
peptune,  and  on  the  part  uf  the  hemi-residiie  heinipeptone,  the  latter 
Deing  distinguished  from  the  former  by  its  being  susceptible  of  further 
change  by  iryptic  digestion  into  leucin,  tyrosin,  etc.  Antipeptone  re- 
mains as  antipcptone  even  when  placed  under  the  action  of  the  most 
poworftil  trypsin,  provided  putrefaclivo  changes  do  not  intervene. 

Before  the  stage  of  pept^/ne  (whether  anti-  or  hcmi-)  is  reached,  there 
is  an  intermedimte  stage  oorresptmding  lu  the  foi-matjon  of  avTitonin.  Xn 
both  normal  peptic  and  trj'ptic  digestion  antipeptonc  is  preceded  by  an 
anti-ulbummo,  and  bt;niipeplonv  by  a  heml-iilbuniosu.  Of  thei^o  the  anti- 
ulbumotio  is  cUjsely  relatod  to  syntonin,  and  hjiH  bithert"  b*'eri  rcgHixl*'d  as 
synlonin.  The  hemi-albiimose  has  not  been  so  frequently  observed;  it 
wu£,  liuwever^  iiiolitteU  by  Heissner;  it  is  apparently  the  Gudy  called  by 
him  A-peptone.  It  possesses  several  peculiar  features.  If  iu>  solutions 
Are  heated,  th^y  partmlly  coAguUte  at  about  60°-ti&°  C. ;  the  precipitate 
is  soluble  at  about  70^  C.  and  is  reprecipilated  us  the  temperature  again 
falls.  It  also  yields  a  precipitate  with  nitric  acid  and  potns&ic  ferrocya- 
nido,  and  this  also  is  soluble  at  the  liigher  temperature  repn^eipitating  on 
cooling.  In  these  respects  it  closely  resembles  a  proteia  body  observed 
by  Bence-Jones  in  the  urine  of  osteomaluciu.  It  upproachos  myosin  in 
being  rnadily  snliiblo  in  u  10  percent,  solution  of  fodic  chloride. 

If,  however,  albumin  bo  digested  with  insulEciont  or  with  imperfectly 
active  pepsin,  or  simply  with  dilute  hydrochloric  acid  at  40°  C,  anli- 
albumose  is  not  formed,  but  in  its  place  a  body  makes  its  appearance 
which  Kiihnc  calls  anti-albumalo.'  Ite  characteristic  property  is  that  it 
cannot  be  converted  by  peptic  digestion  into  peptone,  though  it  can  be  so 
changed  by  tryplic  digestion.    It  is,  in  fac-t,  the  parapcpttmo  of  Meissner. 

It  may,  perhaps,  be  advisable,  now  thnt  Meis^ner's  parapeptone  is 
cleared  up,  to  reserve  the  name  parapeptone  for  the  initial  products  of 
both  peptic  and  tryptic  digt'.itinn,  and  to  ppeak  of  anti-albumoee  and 
hemi-nlbumose  as  being  both  para  pep  tones.  But  in  this  sense  parapeptone 
will  be  an  intermediate  and  nut  a  collateral  product  of  digesti^ui. 

Meissner  also  described  h  particularly  insoluble  form  of  his  parapep- 
tone as  dyspeptorie,  and  another  intermediate  product  as  mettipeptone; 
but  further  investigation  of  both  these  bodies,  as  well  as  of  his  B-peptone, 
is  neoeftsary.  Under  the  influence  of  dilute  hydrochloric  acid,  anti- 
albumatc  becomes  changed  into  a  body  which  Kiihnc  calls  nnti-ulbumid, 
and  which  seems  identical  with  the  very  int^oluble  proleid  described  by 
8cbtil£«nberger  as  "  hemiprotcin,"  and  prohably  with  Mei3f>niT'sdyspep- 
tone.  The  same  body  is  pn^duccd  at  once  in  company  with  products 
belonging  to  the  hemi-group  by  the  ucLion  of  3  to  oper  cent,  sulphuric 
acid  on  natire  albumin  or  fibrin.  The  following  tables  show  the  rela- 
tions and  genesis  of  the  bodies  we  have  just  described.  The  several 
products  (antipeptone,  etc.}  are  given  in  duplicate,  on  the  hy^Httbesis 
(which,  though  not  proved,  is  probable)  thai  thft  changeA  of  liigestion  are 
fluantiully  hydrulytie  changes,'  aceomf>anied  by  a  dednplicalion  ;  that 
Just  as  a  molecule  of  starch  splits  up  into  at  least  two  nuiieculen  of  dex- 
trose, or  as  a  molecule  of  cane-sugar  splits  up  into  a  molecule  of  dextrose 


*  An  ftlbumate  must  not  b«  oonroooded 
"  Henninger,  loe.  oit.  p.  -lit. 


rith  an  albuminatt. 
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Aaosf  tba  mttti  «)«b«r»U  U^rt  in  lU*  direction  nay  b«  MnlitaiiJ  tfco»  cf 
RlAsivrU  mad  HjtbermftB.  In  ibeir  fint  publiestioa,*  ilftrtiaic  6«ai  tb«  g«B«r»l 
■iMilaritj  of  the  i-roduetj  of  d  won  position  of  lb*  tiroUidf  aii4  a>ffctfcy4r*iat, 

lliaj  tried  In  e«ub]i«b  ^  definite  rclntinn  belwesD  tne  tm»  cini— ■  s(  W<fiM^  la 
this  thcj  ver*  Di>t  •ocecsifol,  and  in  their  Mcood  reMnreh*tb«j  mow  t*  Ibc 
eoDfUrioD  that  the  carbnh^dnlM  take  no  part  in  ibt  fortaatloa  or  tka  pnMi4f. 
Olhfir  experiineatf  in  the  tam«  direction  bare  been  made  bj  SebUsvabargw.* 
Ka  fhuwi  thnl  albumin  can  bo  daoomputcd  into  earboaie  aabjdrida  and  aai- 
Bonia,  ftod  Ibftt  the  ratio  of  thoM  two  ii  the  nme  u  iboofb  araa  ba4  bw  (be 
bod/  oo  vhich  be  o|>trate>i.  From  thii  be  coaeladee  tbnt  "tfac  isol«cn1«  «( 
albavin  contain!  tbe  ^oupingof  area  nod  repraaanti  aeovplex  araid*."  la  bU 
teeond  publicatioo'  be  eonfirmi  bit  prerioni  rnnltiy  itatiDg  tbnl  lb*  aanoaia, 
earboDic  anhyiihde,  nod  oxalic  aeid,  prodnead  bj  tbe  daeocapontioa  vf  pretaide, 
ara  lo  conneelad  (fuaotitatirelj  a«  to  b«  capabla  of  dariratioa  fnm  varyiB^ 
proportioDP  of  area  and  oxamida.  He  alio  obtainad  frem  tbe  daeoatporitiaia  a( 
proteida  a  oitrogeoaui  rrjidoe  which  coald  b«  fonaalatad  aa  ^riac  riaa  to  alt 
tbe  amidated  acids  and  other  bodiee  ipoken  of  aboTe.  Thoa  acvonua^  to  btai. 
albuuiio,  built  up  a<  a  eomplax  urcide,  deeonpoMe  into  ainwoaia,  earbaair. 
Dx»li«,  and  acetic  acid«,  and  tbii  oitragaaoaa  body;  tbia  laet  than  fivae  riaa  la 
tbe  oLher  productf  of  deoonipocition.^ 

It  will  lie  Doiiced  tbat.in  tbe  frcnersi  de^ription  of  the  vanom  |»rt>- 
tetdo,  dtfitinetive  reactioa^  for  each  could  nut  be  given,  but  that  varfing 
volubilltiefi  were  the  ehiof  moans  at  our  dispnn]  for  dUtingtiUhtne  them. 
They  may  be  arranged  according:  to  their  solubilities  in  tbe  following 
tabular  form  : 

SofubU  in  di'tifled  wattr  : 
Aqueoui  loluiion  out  ooagnUted  oa  boilisg    .  .     frpiw»t%. 

Aqueuua  eolation  c^iagulated  un  boiling  ....     Aihmmima. 


fm§olnbl€  I'n  diatitltH  Koffr: 
Soluble  in  NaCI  yolntion  1  per  oent         .... 
Ijuotnble  in  NaCI  lotulion  I  per  cent. 

8ulable  in  iiCl  0.1  per  cent,  in  the  eold. 

In»olnble  In  BCl  Q.I   per  eeat.  in  tbe  oold^  bat  aoln- 

ble  at  flO° 

Inwluble  in  flCl  O.I    per  ecat.  at  M°;  eolnbla  In 
strong  aoidt. 
Bolnble  in  ||[attrio  jnioe     ...... 

Inioloble  in  gastric  jaica 


Gt9bmlim, 

iAtid-  mmd  AfUii- 
a/iaflitfa. 
Fihrim, 


Such  a  c]A5$iOcfttion  it,  however,  obviously  a  whoUy  artificial  one. 
useful  for  temporary  |iur|M;eos,  but  in  nu  way  illuttraliag  the  natural  ^|^- 
lations  of  the  several  members.  Nor  is  a  division  into  **fUkliv«  "  and 
''derived  '*  pntteid^  much  more  fatisfkctory.  It  b  true  that  we  may  ibtw 
put  togeiher  wrum-  and  epe-»ll>umin,  with  vitellin.  mvosin.  and  flbHn, 
on  the  cne  hand,  and  ]>eptones,  coagulated  prolcids,  nnd  acid-  with  alkali- 
albumin,  on  the  other.  But  in  what  light  arc  we  lu  oitnsider  caaein. 
seeing  ihat,  though  a  natural  product,  ii  ba»  to  many  roeemblancaa  to 
alkali*albumin  ?     Moreover^  the  system  of  classification  most  be  ti»«lcsa 


Bd.  1&9,S.S04. 

US.    Ball.  dolaSoe.ebli 


xxltt  U\,  19S, 


<  Aon.  d.  Ohens.  u.  Pbarm. 
>  Ibid.  Bd.  ICtf,  S.  IfrO. 

*  CotnplM  Hendo*.  T.  MO  (187S).  p, 
210.  'IVi,  :iH5,  J3.1,  xxi*.  2  et  U.'t. 

*  Cnmpt.  Kaod..  T.  81.  p.  I  lOS.     Bull,  de  la  Soc.  chim.,  sxr.  U7. 

<  Sco  also  Sohiilseobergar,  Ann.  da  Chetn.,  et  de  pbys.,  T.  art.  (18T9)  p.  Mt. 
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MDCIN,  QKLATIN,  KTC. 

wbicb  wuuld  plfice  0brinop]a«tic  Kl<>bu}iD  and  fibrioogea  in  the  bhuio 
oIkm  m  fibrin,  und  yet  we  cRn  hardly  ^poak  of  either  of  the  twn  formor 
bodies  KB  derired  prtUeid^.  If  the  view  be  true-  ibat  when  flhriji  is  con- 
vertmi  into  peptone  the  large  molecule  <'f  tho  former  i§  vplit  up,  with 
auumption  of  water,  into  two  smaller  niDlcviiles  of  tbt>  Inttor,  on<*  belnn£f* 
ing  to  the  "anti  "and  ihcoihor  tu  tbc  "  heirii  "  group,  we  tnighl  e|M.*ou1alo 
on  a  possible  clasiiitlcHtiLtn  of  nil  prol^'ids  inUi  )iGnii-pruteidt».»nti-protMidi, 
and  nolo-proteids.  Tbu»  «erum-  and  egg-albumin,  myotin,  nnd  6brin 
would  beundimbt«dlT  hoUi-pnitcids,  pnpUjnea  either  an ti- or  b«'ml-proieid9, 
and  we  should  have  to  distinguish  prul>ably  in  the  b^*terogeneuuH  group 
of  derived  Hlbumina  b<>lb  anli-,  bemi,  and  bido-proteid  mcmbere.  It  is 
possible,  moreover,  that  fib^imipln^tio  und  flbrinogenous  globulin  and 
casein  may  be  natural  homi-  ur  HnLi-jirutoidt  and  nut  hulu-proteids.  But 
we  have  at  present  no  positive  knowledge  on  the«e  paints. 

NITBOOENOU8   XON-CRTSTALLINE    BODISS   ALLtKV  TO   PBOTKIDfi. 

These  reaemblt^  the  pr<iieid§  in  many  general  points,  but  exhibit  among 
lhem«olve»  muoh  greater  differonces  than  do  ihe  protoids.  As  regards 
their  molei'ular  structure  nothing  satisfactory  i»  known.  Tbcir  percentnge 
compi'Aition  approachea  thai  oi'  the  proteids,  and  like  theeo  they  yield, 
tinder  hydrolytic  treatment,  large  quantities  of  leucin  und  in  ttome  ca^oe 
tyrosin.     They  arc  all  amorphous. 


Muoln.     (0,  35.76.     H.  6.81.     N,  8.60.     C,  48  94,)» 

The  characteristic  component  of  mucus.  Its  exact  conipi-i*ili<>n  is  not 
yet  known,  the  figures  given  above  being  merely  an  npproxiniation. 

As  occurring  in  the  normal  condition  it  gives  to  the  fluids  which  con- 
tain it  the  well-known  ropy  consistency,  and  can  be  pri^-ipiluted  frftni 
these  by  acetic  acid,  alcohol,  alum,  and  mineral  acids;  the  latter,  if  tn 
exceee,  redissolve  the  precipitate,  but  Ihii:  ia  not  the  cu>e  with  notftic  acid. 
In  its  precipitated  form  it  is  insoluble  in  water,  but  swelU  up  slrungly  in 
it,  and  thi^  effect  is  increased  by  the  presence  of  manv  alkali  $nlls. 
Alkalies  and  alkaline  earths  di&solve  it  readily.  Its  solution!)  do  not 
dialyse;  they  give  the  proteid  reactions  with  Millon's  reagent  and  nitric 
acid,  but  not  that  with  sulphate  of  copper,  and  arc  precipitated  by  ba^ic 
lead  acetate  only  wben  neutral  or  faintly  alkaline.  According  to  Kich- 
wald,'  when  heated  with  dilute  mineral  acids,  mucin  yieldn  acid-albumin, 
and  another  body  which  in  many  of  iu  properties  closely  re^emblea  a 
sugar,  inasmuch  us  it  reduces  solutions  or  cupric  sulphate.  Prolonged 
boiling  with  sulphuric  acid  gives  leucin  and  about  7  per  cent,  of  tyrosin. 

Prrpfij'ation  *  Ox-gall  or  an  aqueous  extract  of  finely  ehon|ted  6u>»- 
maxillary  gland  is  acidulated  with  ucetio  acid;  the  precipiluled  mucin  is 
then  washed  with  water,  dissolved  in  dilute  »odic  carbonate,  and  finally 
precipitated  with  acetic  acid.     It  may  also  be  ohtuinud  from  finaiU.* 


Ohondrln. 

cent.)* 


(0,  31.04.     U,  6.76.     N,  13.87.     C,  47.74.     S,  O.CO  per 


>   Eichwald,  Ann.  d.  Chew.  n.  Phartn.,  H.I.  134,  S.  19A.  <  Op.  dt 

*  Eichnald,  op.  cU.,  nnd  Cbem.  Ceutralb..  1900,  Nv.  11.  Slaodeler,  Ann.  de 
Gfaem.  a.  Pbarm.,  Bd.  Ill,  S.  14.  Lnndwebr.  Zcltocb.  f.  physlol.  Cbem,.  Bd.  v. 
(1881)8.371. 

*  Landwebr,  Zeltsoh.  f.  physiol.  Cbem.,  Bd.  vi.  (1883)  S.  7$. 

*  I.  r.  Haring,  Beitrag  sur  Chemie  des  Knerpelf,  \b73. 


I 


856      CHEMICAL    BASIS    OF    THE    ANIMAL    BODY. 

This  U  usuftlly  regarded  as  fnmiini;  the  essential  part  of  the  matrix  nf 
liynltne  cnrLilnKf,  find  is  cunuiued  in  the  int^rslicei  uf  ibe  flbre<(  in  elA^lie 
curlilugt*.  A  •'irnllar  8ub»LuncQ  can  l>e  prepsred  from  the  oorneiL,  HoIIih] 
with  water,  il  dissolves  slowly,  forming  itn  "piilcscvnt  ablution,  which  is 
pi-ecipiiHted  by  Acetic  neid,  lend  acetatti,  dilute  mineral  ncid»,  alum,  and 
salts  of  hilver  iind  cnpj>«r  ;  an  excess  of  the  la^t  four  reagents  redt«4olve« 
the  precipilalo.  Sclulioitf  of  this  bixiy  KelatintKO  on  fttindin^,  even  if 
very  dilute;  the  solid  niusf  it  insoluble  in  culd  water,  readily  fc«>Uibl«  in 
hot  water,  nllcalif^^,  and  ammonia. 

The  aqueous  iind  ulkaline  fiolutions  of  cbondrin  pu»e^  a  Icfuhandeil 
rotatory  power  on  polarized  li^ht  of  — liI8.6°;  in  prefcence  of  excess  of 
alkali  this  becomes  — 652. 0°,  both  measured  for  yellow  lipbt.^ 

It  seems,  Hccordinc  to  the  observations  of  many,  tbatchondrin  can,  by 
heating  with  hydrochloric  acid,  be  converted  into  a  body  whu^  rearlions 
resemble  thnse  of  syntonin,  and  sriother  substance,  which  like  the  similar 
product  f^^m  mucin,  so  far  reficmble^  ^rape-sugar  that  it  reduces  cnprio 
salUi  in  alkaline  (i"lulion  ;'  it  appears,  however,  toctrntain  nilrui^vn.  The 
existence  of  chondnn  us  a  distinct  *ubstflnco  has,  however,  boi^n  denie<! ' 
on  the  suppof^iiion  tbiit  it  '\»  in  all  ca«cs  a  mt^rc  mixture  of  other  bodiea. 
It  is  slaifd  that  a  substance  having  all  the  ruHctions  of  the  fo-cal) 
chondrin,  may,  at  any  time,  be  produced  by  a  mixture  of  mucin,  f^tulin* 
inorganic  salts.  The  extreme  similarity  in  the  reactions  of  chondHn  and 
mucin  point  to  a  close  reliitionship  between  the  two.  The  wholu  subject, 
however,  requires  more  complete  investigation.  With  alkalies  or  diluii* 
sulphuric  acid  chondrin  gWes  Icuctn,  but  no  tyrosin  or  glyctn.  Whether 
cboudriu  extiitA  as  sucb  in  curtilagu  is  unccrlniu;  it  tieems  probable  that 
it  does  not,  *ince  its  extniction  from  cartilage  requires  on  amouhl  of 
l>oi1ing  with  water  much  greater  than  that  requisite  to  dissolve  drird 
chondrin. 

Preparation. — Prom  cartilage  by  extracting  with  water,  and  precipS- 
tating  with  acetic  add. 

Gtelatin  or  O-lutin*  (0,^3.21.  n,7.16.  N,  1B,82,  C,  60.70.  3, 
0.66  per  cent.) 

This  is  the  subt>lance  which  is  yielded  when  connective  tissue  tibre»arv 
heated  for  several  days  with  very  dilute  acetic  acid,  at  a  temperature  of 
about  15°  C,  or  hy  the  prolonged  action  of  water  in  a  Papin's  digester. 
Tht)  elastic  elements  of  connective  tissue  are  unafl'ectcd  uy  the  abi>va 
treatment. 

As  obtained  in  this  way  glutin  is  when  heated  &  thin  fluid,  solidifying 
on  cooling  to  the  well-known  gelatinous  form.  When  dried  it  is  a  color- 
less, tmn^pareiit,  brittle  body,  swelling  up,  but  remaining  undiMolvod  in 
cold  water;  heating,  nr  the  addition  of  traces  of  adds  or  alkalies,  readily 
effects  its  solution.  When  dissolved  in  water  it  poacesae*  a  la.'V)>- rotatory 
power  of  — 180*^,  at  30*^  0. ;  the  addition  of  strong  alkali  or  acetic  acid 
reduces  thi.a  to  —112*'  or  — 1U^  both  measured  for  yellow  lighu*  Its 
solution  will  not  dialyze. 

Mercuric  chloride  and  tannic  acid  are  the  only  two  rea|tent4  which 
yield  insuluble  precipitates  with  this  bodj.     Its  presence  provenu  the 


ic-SejIer.  1Mb.  phys.  j.alh.  pIioo..  Arml.,  4  Aufl.  ie7&,  fi.  282 
Do  liary.  Huppe-Seyler'i  Untortiioh.,  lift.  i.  S.  71.| 
'    MoriH:biiwct«,  V 


«rbaad.  naturhist.  uiod.  Ver.  tlel<l«lberg.,  Bil.  I.  (1870)  Hft  3. 

fClateo." 
Aafl.  IR7i,8v3Sl, 


*  Not  to  be  coDfouQdcd  with  tba  vegelable  protoid  "fclntoo-'* 

*  HoppO'Seylor,  Hbd.  d.  ph.vN.  paUi.  obem.  Anul.,  4 
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Motion  of  Trummer'fl  sugar  teit,  since  it  readily  dissolves  up  the  nrecipi- 

taled  caprr>us  oxide.  The  nroteid  reactions  of  gliitin  are  so  feeble  that 
tbey  are  prohtihly  due  merely  to  imniiriticft.  HcHteU  with  sulphuric  ucid 
it  yields  ammoni*,  leuciti,  aud  glycm,  but  nn  tyrusin. 

It  Hpneam  impMhahlc  that  ^Uitin  exi^ti  reody  formed  in  connective 
ti«ue  uores,  since  ihc«e  do  not  bwcll  up  in  water,  and  only  yield  glutin 
Hfier  prolonfred  trcaliiieiit  with  boiling  water;  lo  which  it  umy  be  added 
that  while  glutin  is  acteil  upi>n  by  trypsin,  the  connertive  ti**uo  tibres  in 
thoir  natural  condition  resist  lis  action  (see  p.  8(K>].  When  glutin  is  sub- 
mitted for  &onie  time  to  the  action  of  dilute  hydrochloric  acid,  at  88"  C  , 
and  the  change  is  brought  flb>JUt  even  more  readily  by  the  action  ff 
pepslD>  it  loses  its  power  of  geUiinixing,  and  is  now  ditl'u&ible  through 
porous  uteiiibranes ;  the  name  uf  ge1at)n*pcptone  hns  been  given  to  the 
product  thu^  obtained.' 

Blaetin.     (O,  20.:».     H,  7.4.     N,  l<i.7.     C,  05.G  percent.) 

This  characteriiftic  component  of  elastic  fibres  is  left  on  tho  removal  of 
all  the  glutin,  mucin,  etc.,  from  such  tii'sues  as  "ligainentum  nucha'/' 
advantjigo  being  tiikeri  of  it*  not  being  altered  when  it  is  heated  with 
water,  even  under  pressure,  with  strong  ucetic  acid,  or  with  dilute  alka- 
li«i.  When  nmi>t  it  is  yellow  and  elusiic,  but  on  drying  becomes  brittle. 
It  is  soluble  in  strong  iilkalie*  at  boiling  tentperatures,  and  concentrated 
sulphuric  and  nitric  acids  dissolve  it  even  in  the  cold;  it  is  aUo  dissolved 
by  the  action  of  papaya  juice.  It  is  precipitated  from  solutions  by  tannic 
acid,  but  not  by  ihe  addition  of  ordinary  acid*.  Notwithstanding  that 
it  closely  approaches  the  proteids  in  iLs  percentage  composition,  and  gives 
distinct  although  feeble  proleid  reactions,  any  very  clo&e  relationship  )>«- 
tween  the  two  appears  improbable,  since  elastin  when  ticnted  with  sul- 
phuric acid,  yields  Icucin  (30^0  per  cent.)  only  and  no  lyrosin. 

Hilger'  has  obtained  a  similar  body  iVom  the  sholl  membrane  of  snalcos' 


Keratin.'     (0, 20.7-25.     H,  6.4-7.    N,  16,2-17.7.     C,  50.8^2.5.    8, 

0.7-6  percent.) 

This  body,  though  somewhat  resembling  tho  protcids  in  general  com- 
rKisition,  diflV'r^  from  them  and  also  from  the  preceding  budies  so  widely 
in  other  pmporties,  that  its  de^^criplion  h  placed  here  for  cnnvenienco 
rather  than  anything  else.  Hair,  nail^,  feathers,  horn,  and  epidermic 
scales  consist  (or  the  most  |«rl  of  keratin.  Heated  with  water  in  a 
digester  at  160**  C.,  keratin  is  jmrtially  dissolved  with  evolution  of  sul- 
phuretted hydnigen  ;  the  solution  then  gives  with  acetic  acid  and  ferro- 
cyanide  <»r  notassiuiii,  a  preeipitnte  soluble  in  excess  of  the  acid.  Pr'j- 
longed  boihng  with  alkHlic*  and  acids,  even  acetic,  dissolves  keratin  ;  the 
alkaline  aoluliona  evolve  sulphuretted  hydrogen  un  iroatmenL  with  acids. 
The  sulphur  in  keralin  is  evidently  very  loosely  united  tu  the  substance, 
and  in  all  its  reactions  there  appears  to  be  n  want  of  similarity  between 
keratin  and  either  pruleids,  mucin,  or  gelatin.  Tho  most  common  of 
its  products  of  decomposition  are  leucin  (10  per  cent),  and  tyrusin  (3.6 
per  cent.),  and  some  aspartic  acid  ;  no  glycin  is  formed.     What  ia  geuer- 

1  Uofmeister,  ZeitKob.  f.  ph^sloI.  Chen..  Bd.  It.  (I»78)  S.  2U9. 
^  Bar.  d.  tleutsoh.  obem.  Gesellsob.,  1873,  8.  160.     But  8«c  uIpo  next  referenco. 
*  Liadirall,    Nagra  bidrag  till  kfton.  om.  Ker.  Uiiusala  Liikaror«.   liirb.    xvi. 
(1881)  p.  446. 
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ally  known  us  kemlin  is  probably  h  cmnpound  body,  which  bu  not  yet 
been  resolved  int«  ils  coDiponenU. 

Efrikid  and  KUhne>  have  dexoribed  a  new  bodj  to  vhleh,  itnct  it  oecura  m  » 
ooDithuMit  nf  nerrouit  tiASue  (both  of  norvoK  and  of  the  oeutral  nerrous  *y§t»mU 
Mod  in  jet  ctusely  ideutical  with  ordin&ry  bamr  tiseue,  thejr  give  the  dm  me  of 
neuru-keratin.  It  ifl  prepared  in  quaniity  from  the  brain  by  titraeting  tbii 
tiaiue  with  alcohol  and  ethor,  and  ttubjootlnr  the  residue  to  the  BOttoa  nf  p«p*in 
and  trypsin.  The  Qual  residue  i«  neurokertiLin,  nod  suiounUi  lu  16-20  per  o«iit. 
of  the  original  tistue. 

Nucleln.    C^U^^^V^O^- 

Discovered  by  Mif^cher'  in  the  nuclei  of  pus  corpuscle*  and  in  the 
yellow  curpusclfcs  of  yolk  of  egg.  Other  observers  have  Mib«equcntly 
obtained  it  from  youBl,  from  fenien,  from  the  nuclei  of  the  rvd  blood-cor- 
puscles of  birds  and  atnpbibia,  from  hE^jtatic  cellH,  and  il  is  probably 
present  in  nil  nuclei. 

When  newly  prepared  it  is  a  colorless  amorphous  body,  soluble  to  a 
slight  extent  in  water,  readily  soluble  in  many  alkaline  solutions;  but 
itg  solubilitidH  alter  uii  keeping.  If  added  grHdually  in  sufficient 
quHtility  to  a  solution  of  caustic  alkali  il  first  ncuirulizes  the  solution  and 
then  renders  it  acid.  It  seeuis  to  |KMse«s  an  indistinct  xanthoproteic 
reaction,  but  gives  no  reaction  with  Millon'a  fluid.  It  yields  precipiialoa 
with  several  &alts,  e.  g.,  zinc  chloride,  argentic  nitrate,  and  L'uprfc 
sulphate. 

rtfparniion.^ — Since  nuclein  is  very  re^isttuil to  the  action  of  fiepsin,  it 
imiy  be  obtained  Trout  tbe  granular  residue  ctmsisting  chiefly  of  nuclei, 
which  iKTCur-^  after  dige»ling  pus  with  pepsin.  The  nio^l  remarkable 
feature  of  this  body  is  it**  large  percentage  of  phosphorus,  9.fi9  percent. 
This  phosphorus  is  readily  separated  by  boiling  with  strong  hydrochloric 
acid  or  oau&tic  alkalies;  the  same  occurs  when  solutions  of  nucleln  art 
acidulated  and  allowed  to  stand. 

Ohitin.     CuH„N,0„> 

Although  not  found  as  a  constituent  of  any  mammalian  tiasue,  this 
substance  composes  the  chief  part  of  the  exoslceleton  of  many  inverte- 
brates It  may  probably  be  regarded  as  the  animal  iinalogiio  of  the 
cellulose  of  plants,  and  frt>m  this  point  of  view  it  pnsaosbos  considerable 
morphological  interest.  B<>th  cellulose  and  chitin  appear  to  yield  aoae 
form  of  sugar  when  treated  with  strong  acids. 

When  purified,  chitin  is  a  white  amorphous  body,  often  relaining  tbe 
sbAjK}  of  the  (issue  from  which  il  has  been  prepared.  It  is  insoluble  in 
nil  reagents  except  strt^ng  mineral  nclds,  tbe  best  solvents  being  sulphuric 
or  hydrochloric  acids.  The  immediate  addition  of  water  to  iliuse  solu- 
tions rvprecipitntcB  the  chitin  in  nn  unaltered  form  :  but  tbe  prolonged 
action  of  sulphuric  acid  causes  a  decomposition  re»^ultitig,  according  lo 
some  observers,  in  the  formation  of  an  amorphoua  fenuentible  carbo- 
hydrate; and  when  hydrochloric  acid  is  used  an  amidnled  oarbobydrale 
is  obtained  to  which  the  name  of  glycosamiu^  has  been  given. 

>   Verhnnd.  DAturfalH.  rned.  Ver  UoldolberK..  Bd.  I.  (1H7«}  Heft  5. 

«  Mod.  ChoDi.  Untersucb.  Hoppe  Scaler.  Hoft  A,  1872,8.  441  und  60S. 

*  See  Ko«M)l,  Zoit«ch.  f.  pfayiiol.Cbem.,  lid.  (ii.  (I^7VJ8.  S84.  Iv  (I8HOI8.IH. 
vil.  (1KH.1)  S.  7.  *■  Unteriucb.  ubor  d.  Nuclein  u.  ibre  SpRKtiogvprrid/'  Strasab,, 
1881. 

«  Ledderbose,  Keitsoh.  f.  pbjrsiol.  Ohcm.,  Bd.  il,  (1878)  S.  SU. 

«  Lsdderbuso,  loo.  oU.  Bd.  iv.  U^«)  S.  139. 
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^V      Freparation.^ — The  cleaned   exoakeleton  of  a  labBtcr   is   thoroughly 

■         extrncted  with  dilute  hydrochloric  acitl  and  then  with  cflustic  soda.     To 

purify   it  fintiUy  it  is  submitted  to  prolonged  boiling  with  a  solution 

^^1  of  potusic  permanganate. 


CARBOHYDRATES. 
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(Jertain  members  only  of  ihis  claRs  occur  in  th«  humnn  Uxly  ;  of  thef<«, 
the  most  important  and  widoa|irciid  are  thoso  known  h<  glycogen  and  tho 
two  sugars,  grape-sugar  or  dextrose  {glucose),  with  wliich  dinbetic  sugnr 
seems  to  be  identical,'  and  mnltose.  Next  to  ihenc  comes  milk-sugnr. 
Inosit  ia  another  body  of  this  clusii,  although  it  differs  in  many  iniporlunt 
points  from  the  preceding  two. 

Sugars  are  often  cunsidered  to  be  pol;loinio  alcohols.  Several  of  tbem  stand 
fo  {leukjlior  relation  to  niaQDiL,  nud  muy  be  converted  lalo  that  aubatance  by  the 
aotioD  of  fiodium  amnlgam.'' 

1.  Dextrose  (Grape-sugar).    C,H„0,  f  H,0. 

Occun  in  the  contents  of  the  alimentary  cnnal  to  a  vuriublo  extent 
de|>endenlun  the  nature  uf  tho  food  taken.  IL  is  aUo  a  nornml  constitu- 
ent of  blood,  chyle,  and  lymph.  Concerning  it«i  pretence  in  the  liver, 
see  p.  495.  The  amniotic  tiiiid  alsn  contninf'  ihis  bcdy.  Bile  in  the 
normal  condition  ia  free  from  fiu^ar,  so  also  is  urine,  though  ibis  point 
has  given  rise  to  great  di^^put*;.*  Tlie  disease  diabetes  is  chitractcrized  by 
an  excess  uf  dextrose  in  ibu  fluids  and  tissues  of  the  tHjdy  (see  p.  oOl). 

When  pure,  dextmse  ia  colorless  and  eryctjillizes  from  ii§  aqueous  solu- 
tion in  siX'f'ided  tables  or  prisms,  often  &gi;lomerated  into  wariy  lumps. 
The  crystals  will  dissolve  in  their  Own  weight  of  cold  water,  re<]uiring, 
however,  some  time  for  the  process;  they  are  very  readily  eolublo  in  hot 
water.  Dextroee  ia  somewhat  sparingly  soluble  in  alcohol,  and  crystallizes 
from  anhydrous  alcohol  in  prisms  free  from  water  of  crystallUation ;  it  is, 
moreover,  insoluble  in  ether. 

Th«  freablj  prepared  cold  uquaoua  ■otutlon  of  lb«  oryitals  possesses  a  dextro- 
ruiatory  power  of  +  101°  for  yellow  tight.  This,  qalokly  on  beating,  more 
alnwly  on  atiinding,  falls  to  +  iif)'',  at  which  point  it  rctinainH  cotiatant. 

Dextrose  readiljr  forias  oompounds  with  acids  and  mnoy  aa1t» :  the  latter  are 
very  unstable,  decomposition  rapidly  enauiog  on  heating  thorn.  When  its 
niutallia  couipoonda  nro  decompoeed  the  decomposition  is  in  man^r  cases  accom- 
panied by  the  precipitation  uf  the  metals,  <.  g.,  silver,  gold,  blamutb.  Caastic 
alkalies  readily  decompone  tbem,  as  also  does  ammonia. 

Dextrose  is  readily  and  completely  precipitated  by  lead  acetate  and 

ammonia. 

An  iinj)orlanl  projwrty  of  this  body  is  its  power  of  undergoing  femicn- 
talions.  Of  these  the  two  principal  are:  (I  J  Al^holic.  This  is  produced 
in  aqueous  solutions  of  dextrose,  under  ilie  influence  of  yeast.  The 
decomposition  is  the  following:  C4U,jO,=*iCjH,0-f2CO,,  yielding  (ethyl) 
alcohol  and  carbonic  anhydride.     Other  alcohols  uf  the  acetic  series  are 

1  Biltichll.  Arch.  f.  Anat.  u.  Physiol.  Jahrg.  1S7<,  B.  303. 

'  The  ifuedtiun,  however,  vrbethor  aeveral  varieties  of  sugar  oocnrrtng  in  the 
animal  body  have  not  been  confounded  together  nnder  the  eoinmoa  name  of 
dextrose  or  gluooso  may  be  oonsidered  at  present  an  open  one. 

«  LionemaDD,  Ann.  d.  Chom.  u.  Pharm.,  Bd.  123,  S,  13d. 

A  See  Seegen,  Dor  Diabetes  Mellitud,  2  Bd.  S.  19A. 
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found  in  iraces,  as  also  arc  glrcerine,  snccinfc  acid,  and  probttbly  many 
other  bodies.  The  fermenlHltun  is  moet  active  at  about  25°  C.  Beluw 
5°  C.  or  above  46°  C.  it  ttlmotit  entiroly  ecasea.  If  the  saccharine  S4>lution 
contains  more  ihnn  15  per  cent,  of  su^nr  it  will  notall  be  decomposed,  as 
excess  of  alc^'bol  sl<>|)i>iue  rvuclion.  (2)  Lactic.  Tbia  occurs  in  the  prwence 
of  decomposing  nitrogenous  matter,  especially  of  caseio,  and  is  probably 
the  result  of  the  action  of  a  speciflc  ferment.'  The  first  stage  is  the  prodiic* 
lion  of  lactic  acid,  (J4Hi.O,=2C,n^O..  In  the  second  butyric  acid  is 
formed  with  evolution  of  hydrogen  and  cnrhonic  nnhydride:  2C,H-0,= 
C,HBO,-{-2CO,-f  2H3.  The  above  changes,  the  first  of  which  is  probably 
undergone  by  sugar  to  a  eon^idemblo  extent  in  the  intestine,  are  moat 
active  at  36°  C. ;  the  presence  of  nlknline  carbonates  h  also  favorable.  It 
is,  moreover,  essential  that  the  lactic  acid  should  be  neutralieed  as  fast  as 
it  is  formed,  otherwif>u  the  presence  of  the  free  acid  stops  the  process. 

Th$  preparation,  detection,  and  estimation  of  dextrose  are  so  fully  given 
in  various  books  that  they  need  not  be  detailed  here. 

ti.  Maltose.    C„UyAi-i  U'A 

Thi^  form  of  sugar  wiia  first  described  by  Dubrunfaut'  as  a  product  of 
the  action  of  malt  extract  on  starch.  Its  exit^tence  was  for  a  long  time 
dmihted  until  O'SulIivfin"  repeated  and  confirmed  the  previous  experi- 
ments. According  to  him  it  crystallizes  in  fine  acicular  crystals,  po«»es«i-« 
n  specific  rotatory  power  nf  -j  150**  and  a  reducing  power  which  is  only 
one-thtrd  afi  grc'at  as  thitt  of  dextrose.  It  seems  probable  that  this  is  th^ 
chief  sugar  olilained  by  the  action  not  only  of  diastase  but  of  ptyalin  and 
pancreatic  ferment  upon  starch  and  perhaps  aUo  upon  glycogen  ;  *  although 
some  dextrose  may  at  the  »Ame  tiino  be  formtKl.  Musculus  aud  Uruliei^ 
have  shown  that  inaUosc  may  also  be  formed  by  the  action  of  dilute  sul- 
phuric acid  on  starch,  and  that  it  ia  capable  of  undergoing  alcoholic 
fermentation. 

Preparaiion. — Sec  Musculus  and  Gruber  {U>e,eit), 

8.  Milk-sugrar,    C„n„0,i-f-H,0. 

AUo  known  a«  Lactose,  It  is  found  in  milk,  and  is  cbaractorlatic 
of  this  secretion.  It  is  said,  however,  to  occur  abnormally  in  the  uriDe  of 
lying-in  women.* 

'  It  yields,  when  pure,  hard  colorless  crystals,  belonging  to  the  rhombic 
system  (four-sided  privms).  It  is  less  soluble  in  water  than  dextrose,  re- 
quJrinif  for  sulutiun  six  times  its  weight  uf  cold,  but  only  two  parts 
of  boilinii;,  wiiLor ;  it  is  entirely  insoluble  in  alcohol  and  ether.  It  is  fully 
precijtitutcd  from  its  solutions  by  the  addition  uf  lead  acetate  and  ammonia. 

When  freshly  diiisolT«d,  its  aqueoas  solution  possesses  a  spaotSe  dextro- 
rotatory power  of  +  {)3.1°  fur  »o(liurn  light;  this  dioiinUhef,  slowtj  oa  standing, 
rapidly  on  boiling,  until  it  finally  remains  coniiant  el  -f  &2.A°.  The  enoqal 
of  rotAtioD  is  iodepcndent  of  the  eoQcentretioD  uf  the  solution. 

Lactose  uaites  reeilily  with  banes,  forming  utikleble  coinpomidi;  fron  tis 
metallic  eompouods  the  nietml  It  preoipUateJ  in  the  reduced  nlele  on  boiling;  1l 

1  Lister,  Path.  Soe.  Trans.,  Vol.  for  1873.  p.  i2&«  also  Quart.  J1.  of  Micros. 

Science,  Vol.  xriil.(l87flj  p.  177- 

•  Ann.  Chim.  Fhys  .  (3)  xx\,  (1847)  p.  178. 

>  JI.  Cbein.  600.,  Sot.  3,  vol.  x.  (1872)  p.  679. 

*  Mufloulu«  u.  T.  Merlog.  ZelUcfa.  f.  pbvsio).  Ghem..  Bd.  U.  (1879)  8.  4Mt. 
ft  Zoit*ehr.  f.  physlol.  Oheso.,  Rd.  ii.  (1H7«1  tf.  177. 
0  Hofmetstor,  Ibid.  Bd.  i.  (1877)  S.  101. 
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reduces  onpper  iiUU  u^  roaililv  ai  doxtruae  but  io  ■  less  eitent,  vie,  in  the  ratio 
uf  70  :  100. 

Lacto6«  U  generally  stated  to  admit  of  no  direct  alcoliolic  fermentation  ; 
Ibis  maTt  )iowever,  «oiuetimo$  he  induced  hy  tlie  pnrluiiged  action  of 
yeast.  \iy  foiling  with  dilute  miiieml  iirid»  Inctcise  is  converted  into 
galaclo»c,  which  readily  undergo  alcoholic  fermcntatioo  und  posscds 
a  greater  rotatory  power  than  Uctosc, 

It  may  be  remarlccd  here  that  thougb  iaolaUd  lactove  Ii  incapable  of  direct 
alcoholic  fcrtocDtation,  loilk  itfielF  mmy  be  fermentfid :  Berthelot  iruH  unable  in 
thin  direct  alnuhulic  fermentiition  to  detoct  an^  inleraiedinto  chnnge  of  the 
laoloie  into  any  other  fermeDtable  cugur. 

Lactose  is,  however,  directly  capable  of  undergoing  the  lacUo  and 
butyric  fermentations;  the  oircinn stances  and  products  arf>  the  same  as  in 
llio  case  of  dcxtrosis  |see  above).  The  action  is  gentrully  prtKluctivo  of  a 
collateral  small  quantity  of  alcohol. 

Lact4ue  i»  thus  distinguished  from  dextrose  by  its  smaller  solubility  in 
Wttler,  insolubility  in  ule(ihol,cry.*lalline  form,  lower  cupric  oxide  reducini^ 
power,  and  iu  incupuhilily  of  undergoin;;;  direct  alcoholic  fernicnlulion. 

Prrj>»niti</n. — Aft<?r  the  removal  of  the  i-ateln  and  other  jtmteids  of  the 
milk,  the  mother  lii^uor  is  evftpon\ted  to  the  cryf^tallixintj  p(»int;  ibe  crys- 
tals are  purified  by  repeated  cryfitallizalion  from  warm  water. 


I 


4.  inosit   c.n^o^-f  2n,o. 

This  substance  occurs  but  Eparinf;ly  in  the  human  body;  it  was  found 
originally  by  Soberer'  in   iho  muscles  uf  the  heart.     Cloetfa  showed  its 

frcEcnce  in  the  luntc^,  kidneys,  i^pleen,  and  liver,'  and  Miiller  in  the  bruin.' 
t  occurv,  alsr,  in  diabetic  urine,  and  In  that  of '*  Brighl'a  di^ea^e,"  and 
is  found  in  abundance  in  the  vegetable  kingdom. 

Pure  inosit  furms  large  cfllorescent  crystals  (ihombic  tables);  in  micro- 
scopic preparations  it  is  ufually  obtained  in  tufted  lumps  of  fine  cryt'tals, 
Kasily  soluble  in  water,  it  is  insnluble  in  nlctiliul  and  ether.  It  possesses 
no  action  on  polarized  light,  and  does  not  reduce  solutions  of  melallic 
salts. 

It  admits  of  no  direct  alcoholic,  but  is  capable  of  undergoing  the  lactic 
fermentation  ;  acci^rding  to  Hilgcr,'  the  acid  formed  is  sarcolactic.  It  is 
unaltered  by  healing  with  dilute  mineral  acids, 

Freparafion. — It  may  be  precipitated  from  its  solutions  by  the  action  of 
A/ute  lead  acetate  and  ammonia ;  the  lead  is  then  removed  by  sulphurtMled 
hydrogen  and  the  Inosit  precipitHted  with  excess  of  alcohol. 

As  a  special  test  (8cherer*s),  may  be  mentioned  the  production  of  a  bright 
violet  color  by  careful  evaporattoQ  to  dryness  on  platinum  foil,  with  ti 
little  ammonia  and  calcium  chloride. 


fi.  Dextrin.  CJl^^O^. 

By  boiling  starch-paste  with  dilute  acids,  or  by  the  action  of  femienls, 
the  starch  is  converted  into  an  i*omeric  body,  to  which,  from  its  action 
on  polarized  light,  the  mime  dextrin  has  been  given.  It  is  soluble  in 
water,  but  is  precipitated  by  alcohol.  It  does  not  undergo  alcoholic  fer- 
mentation until  after  it  has  been  changed  into  dextrose,  nor  can  it  reduce 


^  Ana.  d.  Chem.  d.  Pharu.,  6d.  73,  S.  322. 
>  Ibid.  Bd.  108,  S.  140. 


«  Ibid.  Bd.  90,  B.  360. 
*  Ibid.  Bd.ltf0,6.&U. 
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metallio  salto.     It  yields  «  reddish  port-wjno  color  vith  Iodine,  which 

tlisappears  on  warming  and  does  not  return  on  coolin(r.  Further  ftotioo 
ofiicidaoroffermenU  can  verts  dextrin  intodoxtrose.  Drxlrin  is  present 
in  tho  contents  of  the  alimenturv  cunal  after  a  meal  containing  starchj 
und  has  aUo  been  found  in  the  blood. 

Th(-rc  ifi  not  the  least  doubt  thiu  sovoral  modiflcntinnfl  of  dextrin  exist 
find  may  be  obtained  by  ibe  action  of  acids  and  fermont^  on  starch  Of 
lliese,  two  of  tlie  best  known  are  ibose  described  by  Briickc'  under  the 
mime  of  erythrodextrin  and  nchroodextrin,  the  former  giving  a  red  color 
with  iodine,  the  hitter  not  yielding  any  color  at  all.  Erythrodextrin 
may  be  readily  converted  into  a  sugar  by  the  action  of  fernientA,  and  thus 
\a  not  found  as  n  pn>duct  of  iheuumplelc  action  of  ptyalin  on  starch. 
Acliroodextrin,  on  tho  other  hand,  is  not  thus  converted  by  formcnUf 
iind  therefore  remains  in  solution,  Logfiher  with  the  sugar  farmed  by  the 
action  of  ptyalin  on  starch.  Achroodtfxlrin  mdy  be  converted  into'dex- 
iroso  by  boiling  with  dilute  hydrochloric  acid. 


6.  Glycogen. 


C.H,,0,. 


BoKingB  to  the  starch  division  of  carbubydrateti.  Discovered  by  Ber- 
nard in  the  liver  and  uther  orji^ans  (see  p.  •192). 

Glycogen  Is,  when  pure,  an  amorphous  powder,  colorless,  and  uuteless, 
readily  ^>lul>le  in  water,  insoluble  in  alcohol  and  ether.  Its  aqueous 
solution  is  generally  though  not  always  strongly  opalescent,  but  cimlains 
an  particles  visible  microscopically ;  the  opalescence  is  much  reduced  by 
the  presence  of  free  alkalies.  The  same  solution  poi^sesses,  according  to 
Hoppe-Seyler,  a  very  strong  deitro-rolalory  power.  al>oul  three  times  as 
great  as  that  of  dextrose;^  it  dissolves  hydratcd  cupric  oxide;  but  this  is 
nut  reduced  on  boiling. 

By  the  action  of  dilute  mineral  acids  ^except  nitric)  it  U  partially  coo- 
verted  into  ft  form  of  sugar  very  closely  resembling,  though  probably 
ditfuring  suraewbat  from  true  dextrose,  and  the  same  conversion  is  also 
readily  effected  by  the  action  of  amytolytic  ferments.  The  sugar  into 
which  the  glycogen  of  the  liver  is  nulu'rally  converted  after  death  (aee 
\K  501)  appears  to  he  true  dextrose;'  so,  also,  the  sugar  of  diabetea.  The 
result  of  the  action  of  diastase,  or  salivary  or  pancreatic  ferment,  upon 
Lflycogen  is,  however,  according  to  Musculus  and  r.  Mering,*  a  mixture 
of  Hcnroodextrin  and  maltose;  the  quantity  of  dextrose  making  ila  ap- 
p^^rance  at  the  same  time  being  very  small. 

Opalescent  Aolutinns  of  glycogen  usually  become  clear  on  the  addition 
of  caustic  alkali ;  Vint«chgau  and  DietP  have  shown  that  this  is  aocom- 
lutnicd  on  boiling  by  a  change  which  converts  a  portion  of  the  glycogen 
into  a  nuhfitance  to  which  they  give  the  name  of  d.-glycogeti-dextrine. 
(Kuhne*had  previously  described  a  body  to  whion  he  gave  the  name 
i:lyeugen-dextrin.  That  describeU  by  Vint«chgau  and  Dietl  dilTeni 
slightly  from  Kuhne's  body,  hence  the  nsnie.)  According  to  th**« 
Buibon,  ono-flflh  of  the  glycogen  is  at  the  same  time  changed  into  som* 


t  Sitiber.  d.  W\m.  Akad.,  1872.  iii.  Abtb.     Also  VorlesQagen  2.    Aufl.  187*. 
Bti.  i.  S.  224. 

*  S«e  KUli,  PflUger's  Arch.,  Bd.  xxlv.  (1831)  S.  85. 

>  PAtiger's  .Arch..  Bd.  xix.  (1879)  S.  100,  aod  xxii.  (ISSOj  8.  2M.    Also  Kttls. 
Ibid.  Bd.  «jif.  (lf*S|)  8.  fiS. 

*  ZeitM!lir.  f.  physiol.  Chem.,  Bd.  ii.  (I870)  8.  411.1. 

*  l'flilt[cr'«  Arch.,  Id.  xriU  (IM78)  S.  154. 
■  L«hrb.  d.  pbyiiul.  Cham.  {\86S),  S.  6.1. 
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I  at  preAent  undeiertnined,  subslAnco.  Noroaal  lead  acetate  gives  a 
cloudiness,  the  basic  sail  a  precipitate,  in  solutions  of  glycogen. 

As  tests  for  this  body  may  be  used  the  furrnation  of  a  [toi  t-wine  color 
with  iodine;  this  disappeara  on  wnrminR,  but  returns  on  conlin^.  The 
same  color  Is  produced  by  the  action  of  iodine  on  deitrin,  but  this  does 
nnt  reappear  on  cooling  alter  its  disappeamnce  by  warming. 

Prepnration  of  Olycogen. — The  followini;  is  lJriicke'»'  method.  The 
filtered  or  simply  strained  douoction  of  perfectly  fresh  liver  or  other  gly- 
cogenic tissue  i«,  wl^en  cold,  treated  alltirnHtely  with  dilute  hydrochloric 
acid,  and  a  solution  of  the  double  iodide  of  potassium  and  mercury,*  as 
long  as  any  precipilAto  occurs.  In  the  presence  of  free  hydrochloric  acid, 
the  double  iodide  procipitHteM  proleid  matters  so  conipletcly  us  to  render 
their  separation  hy  flitrnlion  eaiiy.  The  proleid-- being  thus  got  rid  of, 
the  glycogen  is  pr»cipitntcd  fnrm  Lhe  fllirale  by  adding  alcobnl  to  the 
extent  of  between  00  and  70  per  cent.  Tou  much  alcohol  is  to  bu  avuided, 
since  other  substances  as  well  as  glycogen  are  iherehy  precipitated.  The 
glycogen  is  now  washed  with  alcohol  lirst  of  00  and  then  of  06  per  cent., 
afterwards  with  ether,  and  finally  witfa  absolute  alcohol.  It  is  tnen  dried 
over  sulphuric  acid. 

Tunioln.    (C.H^Oj),. 

This  body  is  regarded  by  many  observers  as  identical  with  the  true 
celluhfse  of  plants,  while  others  have  ascribed  to  it  prupertieR  did*ering 
from  those  or  cellulose  sutSciently  tu  justify  its  receiving  adi^tinct  name. 
It  appeals  to  be  more  resistant  to  the  action  of  chetnioal  roagcnbi  than 
plant'CeUuloee. 

It  constitutes  the  chief  part  of  the  integument  of  the  Ascidia  or 
TunicatA.  As  prepared  fn~jm  this  source,  it  ia  when  pure  quite  white  and 
usually  retains  too  shape  of  the  tissue.  It  is  unacted  upon  by  any  reagont 
except  strong  acids  and  alkalies,  and  by  the  action  of  the  former  it  yields 
some  form  of  sugHr. 


I 

L 


PATS,  THEIR  DERIVATIVES  AND  ALLIKS. 
The  Acme  Acid  Sxbixs. 

Cknera)  formula,  Cn  II,»  O,  (monobasic). 

This,  which  is  one  of  the  most  complete  homologous  series  of  organic 
chemistry,  runs  parallel  to  the  series  of  monatomic  alcohols.  Thus  formic 
acid  corresponds  to  methvl  alcohol,  acetic  acid  to  ethyl  (onlinary)  alcohol, 
and  so  on.  The  several  acids  may  be  regaided  us  being  derived  from 
their  respective  alcohoU  by  simple  oxtdtttion :  thus,  ethyl  alcohol  yields 
by  oxidation  acetic  acid:  CjHjO  ^  0,=CVlI.Oj+n^O.'  The  various 
members  diffor  in  compusition  by  CUj,  and  tne  buihng  points  rifie  suc- 
cessively by  about  VJ°  C.  Similar  relations  hold  good  with  regard  to 
their  melting  poinis  and  specific  grovilics.  The  acid  properties  are 
strongest  in  those  wherv  n  has  the  least  value.  The  lowest  members  of^ 
the  series  are  volatile  liquids,  acting  as  powerftil  acids  \   these  succes- 

I  8iUung»ber.  d.  Wiener  Ak»d.,  Bd.  63  (1871)  ii-  Abth. 

*  Thii  may  be  prepared  by  precipitating  potaniic  iudide  with  merourio  abloride 
and  dissolving  the  w&ehed  precipitate  iu  a  nut  solution  of  putesste  iodide  as  long 
ac  it  uontlDuet  to  be  taken  up.  Ou  Rouliog,  lotue  amount  of  precipitate  oocurs, 
which  mast  be  flltored  off;  the  filtrate  is  then  ready  for  use. 
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sivel;  bec«mm  Iwt  Hnd  less  fluid,  and  the  highest  meml>€r«  are  cc^lorli 
ffolidf,  clo«eIy  re4«nib)ing  the  neutral  faU  in  outwatxl  apptrarnnce.  Con- 
secutive acidi  of  the  series  present  but  rery  «mall  differences  of  chemical 
and  phviical  propertiw,  hence  the  difficulty  of  fteperating  them  ;  thit  i« 
further  increased  in  the  nnintnl  body  by  the  fact  tiiHt  exactly  tbo^e  acids 
which  present  the  {^realeil  «im>lHritie«  usually  (wcur  ti^gether. 

The  free  acids  ore  f<-und  only  in  ^niAll  and  very  variable  quantiiies  in 
various  part*  of  the  btidy  ;  iteir  derivatives,  un  the  other  hand,  form 
mo^t  imporlant  coiinlituenta  of  the  buiniin  frame,  and  will  be  ct>n«id< 
further  on. 

Formic  acid.    CHO.OH. 

When  pure  is  a  strongly  corrosive,  fuming  fluid,  with  powerful  irri- 
tatini;  odor,  solidifying  at  0°  C,  boiling  at  1(X)^  C,  and  capable  of  beinj; 
mixed  in  all  pruportions  with  water  and  alcohol.  It  ha^  be«n  obtained 
fn>m  various  parU  of  the  body,  such  as  the  spleen ,  thymus,  tiancreas, 
muscled,  brain,  and  bcx>d  ;  in  the  latter  its  presence  may  Iw  au«  to  the 
action  of  acids  on  the  beemoglobin.  According  to  some  authors.*  it  occurt 
alro  in  urine. 

Heated  with  sulphuric  acid  it  yields  carbonic  oxide  and  water;  wfth 
caustic  potash  ft  gives  hydrogen  and  oxalic  acid. 


It  Ii 


Aoetio  acid-    CgU.O.OH. 

It  u  didlinguifhod  bv  its  chnracteristic  odor ;  Ita  boiling  point  U 1 1 
it  sididifies  at  5^  ami   is  tluid  at  all  temperatures  above  16^  C. 
soluble  in  all  proportions  in  hIc'IioI  and  water. 

It  occurs  in  the  stomach  as  the  result  of  fermentative  change*  in  the 
food,  and  is  fre<jueatly  present  in  diabetic  urine.  In  other  organs  and 
fluids  it  exist*  only  in  minute  tracea. 

WUb  ferric  chlorld*  it  yields  a  blotxlred  sulution,  <I«oolorised  by  hydrochlorie 
ftcid.  (It  dlJors  in  tbis  laji  reaotiun  TruiD  ^atphoojaQideoriroD.]  lleaied  with 
ftliN>bol  and  sulphuric  Hcld,  the  obareoleristic  odor  of  aeatic  ether  is  ubtaioed. 
It  dues  Dot  reduce  silver  nitrate. 


Propionic  aoid.    CjHjO.OH. 

Tht8  acid  closely  resembles  the  preceding  one.  It  po««ises  a  verr  tour 
taste  and  pungent  odor;  is  soluble  in  water,  boils  at  141°  C,  and  may 
be  iMiparaled  from  its  aqueous  solution  by  excess  of  calcic  chloride. 

It  occurs  in  smnll  quantities  in  sweat,  in  the  contents  nf  the  stomach, 
and  in  diabetic  urlno  when  undergoing  ferntontation.  It  is  similarly 
produced,  mixed  however  with  other  products,  during  alcoholic  fermenta- 
tion, or  by  the  decomposition  uf  glycerine.  It  partially  reduce*  siNer 
nitrate  solution  on  boiling. 

Butyric  aoid.    0^11^0.011. 

An  oily  colorlew  liquid,  with  an  odor  of  rancid  butter,  soluble  in  water, 
alcohol,  and  eiher,  b«.iling  at  162°  C.  Calcic  chloride  separalet  It  from 
its  aqueous  solution. 

Kound  in  sweat,  the  contents  of  the  Urge  intestine,  feces,  and  in 
urino-     1*  occurs   in   traces   in    many  other  fluids,  and   is   plentifully 

1  paligloiky.  Hoppe-Soyler'i  Mod.chein.  Mitthen«ag.,  Haft.  3, 8.  140.  TbuJl- 
cham.  Jo"'"*  of  ^^^  Chem.  Soe..  vol.  B.  p.  400. 
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obtained  when  diabetic  urine  is  mixed  with  powdered  chalk  Hnd  kept  at 
a  temperature  of  86"  C.  It  exists,  as  a  neutral  fat,  in  small  quantities  in 
milk. 

This  h  the  principal  product  of  the  second  stage  of  lactic  ferinentHtion. 
(Sec  DexlroRO.) 


Valerianic  acid-    CJljO.oa. 

An  oily  litpiid.  of  pcneirating  odor  and  burning  tasto;  jolitMn  in 
30  finrts  of  water  at  12*  C,  readii>*  soluble  in  alcohol  and  ether.  Bulls  at 
I7o°  C.  Pi.isessfs,  in  free  and  combined  form,  a  feeble  rigUt'hundod 
rotation  of  llic  i.lttne  of  polari/atiun. 

It  is  found  in  the  solid  excremenlE,  and  is  formoi  readily  by  the 
decomposition,  through  putrefaction,  of  impure  Icucin,  ammonia  being  at 
the  same  limo  cvxlvcd ;  henrc  its  occurrence  in  urine  when  that  duid  con- 
tains leucin,  us  in  cases  of  acute  atrophy  of  the  liver. 


Oaprolc  add. 
Caprylic  aoid- 
Capric  \  Uutic)  acid. 


C„r!„U.OH. 


These  three  occur  tngolhor  (as  fat')  in  butter,  and  are  contained  in 
varying  pr>>i»ortion-s  in  the  feces  fruin  u  meat  diet.  The  fir«t  U  an  utiy 
fluid,  siiglilly  snlulilt)  in  water,  the  nthfrs  are  solids  *nd  scarcely  soluble 
in  water;  they  aro  soluble  in  all  proportions  in  alcohol  and  ether.  They 
may  l>e  prepared  from  butler,  and  separated  by  the  varying  solubilities  of 
their  barium  ^alts. 


in  butler  anrl  other  Cats. 


Laurosteario  acid.    C„H„O.OH. 
Myrlstic  add.  C„H,,O.OH. 

These  occur  as  neutral  fats  in  apermaceti, 
Tboy  preeent  no  points  of  interest. 

Palznitio  add. 
Stearic  add. 

These  are  solid,  colorlt^s  when  pure,  tasteless,  odorless,  crystalline 
bodies,  the  former  melting  at  62°  C,  the  latter  at  G9.2°  C.  In  wuter  they 
are  quite  insoluble ;  palmiuV  Hcid  is  more  readily  soluble  in  cold  ale  ihol 
than  stearic  :  both  are  rca'lily  di»%olvod  by  hot  alcohol,  ether,  or  chloru- 
form.  Glarial  acetic  ncid  disF^olves  them  in  large  quantity,  the  &iilulion 
bping  jissisted  by  warming.  They  readily  form  soups  with  the  alkalies, 
ftlflo  with  many  other  nietuls.  The  varying  solubilities  of  their  barium 
salts  afford  the  means  of  sepaniting  them  when  mixed :  ^  this  may  also  be 
applied  to  many  others  of  the  higher  memlier^  of  this  series. 

These  acld$  in  combination  with  glycerine  (ece  below),  together  with 
the  analogous  comjmund  of  oleic  acid,  form  the  principal  constituents  of 
humim  fat.     As  salts  of  calcium  they  occur  in  the  feces  and  in  "adi- 

icirc,"  and  probably  in  chyle,  blood  and  serous  fluids,  as  salts  of  sodium. 

hey  are  found  in  the  free  state  in  decomposing  pus,  and  in  the  caseous 
di'pnsits  of  tuberculosis. 

The  exiBtenoe  of  margario  aoid,  intermediate  to  tba  abova  two,  is  not  now 
admitted,  iinoe  Hainti  *  hu  shown  that  it  is  really  a  mixture  of  palmttie  and 
stearic  aaids.  Margario  aotd  po»iie«jiiiH  thn  nnomalnus  mslling  point  of  69.9°  C. 
A  mixture  of  60  parts  itsario  and  40  of  palmitic  A«ids,  melts  at  60.3°. 


^ 


1  Heints,  Aonal.  d.  Pbys.  u.  Cbem.,  Bd.  93,  S.  588. 

7a 


»  Op.  oiU 


866      CHBHICAL    BASIS    OF    THS    ANIMAL    BODY. 


Acam  07  the  Oleic  ( Acktlic)  Sbaib».    H(Cfl  U^t-^yo^  (i 

MaxiT  ftcidft  r^f  thu  series  occur  m  glTOenoe  compel  -  ■■•m»  bu 

They  are  very  unstabte,  and  readily  mtksorb  oiyfi^n  v^  4  to  the 

air.     The  higher  memhen  are  decc^in pof ed  t::~iil  ihctti 

Their  most  |>eciiliar  property  is  that  of  Ik-i  irmc«*  of  SO, 

into  Aolid,  Biable,  nietaruerlc  acid^i  cupable  <'•  i--^:^  u>--w>kU.  Tluey  \mms 
an  interecting  relation  to  the  acids  of  the  acetic  »erief.  breaking  up  wb<» 
healed  with  cAtuiic  pot»«h  into  acetic  acid  and  come  olbar  iDetnb^r  nf  ihp 
same  aeriea,  tbiu: 

Olcicaeid.  Pnliwir  acatoia.    *  ■  ■   rf    |-i»t»«^ 

HC„H„0,  -f  2KH0  =  KC,H,0,  +  KC„U„U,  -j-  H^  | 

Oleic  Acid.    CuH„O.OH. 

Thifi  is  ibc  only  acid  of  the  eeriei  which  ii  pbr»iol<^ic*11r  irn^iorUuii 
It  ift  found  united  with  glycerta  in  all  the  fat*  of  the  human  bodr. 

When  pure  it  i^,  at  urdinary  temperatures,  a  colurlew.  odorlesk,  taut*' 
tan,  oily  liquid,  lolidifving  at  4°C.  to  a  cry»t&Iline  maM.  lD»<>Iuble  id 
water,  it  18  noluble  in  afcobul  and  eiber.  It  cannot  be  dl&tiUod  wiiltinit 
decern iioai lion.  It  readily  fornix  wiifa  potauiuoi  and  sodium  t'>ap«,  which 
are  soluble  in  water;  it«  compounds  with  most  other  bates  are  insoiuble. 
It  tnav  be  distinguifebed  frDm  the  acids  of  the  acetic  seriei  by  its  reaciion 
with  NO,,  and  by  the  cbauj^es  it  undergi.>es  when  expuced  lo  tlie  air. 

The  NEtrraAL  Fatb. 

These  may  be  contidered  as  ctfaen  furmod  by  replacins  tlit  eachanKcabU 
atonu  of  hydrogen  in  the  triatomic  alcohol  glycerin  [Mm  below),  by  xhm 
acid  radicles  of  the  acetic  and  oleic  teries.  Since  there  an  1broe's«»eb 
exchangeable  alums  of  hydrogen  in  glycerin,  it  is  pouible  %o  form  ibroa 
clasMt  of  these  ethers;  only  those,  however,  which  belong  Lu  tlie  third 
class  occur  as  natural  constituents  of  the  human  body;  lbi«e  of  tbe  ftrst 
and  second  are  of  theoretical  imjiortance  only. 

They  pofse^s  certain  general  cbaraclfriitiics.     In^oUible  in  water  and 
cold  alc(»liol,  they  are  readily  eulublc  in  hot  alcohol,  ethrr.  chlr'n'-fortn 
etc.;  they  also  dissolve  one  aaotber.     They  are  neutral  b'  ." 
and   lastcleAf,    when  pure;  are  not  capable  of  being  di-' 
undergoing  decomp'>»ition,  and  yield  as  a  result  of  this  > 
solid  and  liquid  hydrocarbons,  water,  fatty  acid»,  and  a  ; 
acrolein.     (Olycenn  contains  the  elements  of  one  molecu: 
and  two  molecules  of  water.) 

They  poft84Ms  no  action  on  polarized  ligbt. 

They  may  readily  be  deconi|H>8ed  into  glycerin  and  their  respeciiw 
fatty  acids  by  the  action  of  caustic  atkalioi,  or  uf  superheat«d 


PaOmitin  CTri-palmiUn).  ((^^*^{f*o)  }^« 


The  folluwing  reaction  for  the  formation  of  this  fat  is  typical  for  all  lb* 
otbert: 

Oljcerin.  PftlmtUc  arii).  r»linmb.  I 

Palmitin  is  slightly  soluble  in  cold  alcohol,  readily  so  in  hot  alcubot,. 
or  in  etherj  when  pure,  it  cryhtHllizes  in  due  nced'lea;  if  mind  witb 
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,  it  generally  forms  shapelees  lumps,  ftlthougb  the  mixture  mny  at 
ssume  iicryslHlline  fonn,Hnd  whs  then  regarded  u  a  distinct  b<idy, 
\  margarin.  It  posseesea  tliref>  different  melting  points,  according 
)revious  toniperHtiirefi  to  which  it  has  been  jiuhjecled.  ItfloUdiflos 
w^es  at  45°  C 

taralion. — From  palm  oil,  by  removing  the  free  palmilic  acid  with 
1,  and  cryslullizing  repealodly  fruni  ©tner. 


ftrin(Tri-ateann).   (cX*0)J^» 


ii  the  hardest  and  lea^t  fusible  of  the  ordinary  fat«  of  the  body; 
the  least  KoUiblr,  and  heni-o  is  the  first  (o  eryrtallixe  out  from  boIu- 
)f  ihc  mixed  fnls.  It  crystallizes  uttnally  in  (>qiiare  tables.  It 
ts  peculiarities  in  its  fusing  point<)  similar  to  thnse  of  palmitin. 
taration. — From  mullitn  suet,  its  seporalion  from  palmitin  and 
»eing  eflr»cted  by  repeated  orystallizaltori  from  ether,  stearia  being 
«t  soluble. 


In  (Tri-oloin). 


btained  with  difficulty  in  the  imre  ijlatp,  aud  \s  then  fluid  at  ordi- 
eniperuturut).  It  in  more  soluble  than  (be  two  prercding  ones.  It 
y  undergoes  oxidation  when  exposed  to  the  air,  and  in  converted 
re  traces  of  NO^  into  a  solid  isomeric  fat.  Olein  yields,  on  dry 
ition,  a  cliaracterD'tic  acid,  the  s<*bacic,  and  is  saponifled  wifh  much 
rditfii:ully  than  are  palmitin  and  atearia. 

finration. — From  olive  oil,  either  by  coitlins  to  0**  C.  and  pressing 
e  olein  ihat  remain!;  fluid;  or  by  disiolving  in  alcohol  and  cooling, 
t)jo  'ilein  remains  in  solution  while  the  other  fata  crystallize  out. 


yoerln.    ^jlf  *  }  ^r 


B  principal  constituent  of  the  neutral  fats  may,  as  above  fitated,  be 
1  upon  aij  a  trialumio  alcohol. 

len  pure,  glycerin  is  a  viscid,  colorless  liquid,  of  a  well-known 
taste.  It  is  soluble  in  wutcr  and  alcohol  in  all  proportions,  insolu- 
etber.  Kxposed  to  very  low  temporntures  it  becomes  almost  solid; 
r  be  distilled  in  cli>«e  vessels  without  decompusition,  between  276° — 

HiMolve^  the  alkalies  and  alkaline  earths,  also  many  oxides,  such  ai 

of  lead  and  copper;  nmnv  of  the  fatty  a<.-ida  are  also  soluble  in 

rin. 

lossesses  no  rotntury  power  on  polarized  light. 

0  easily  recognized  by  its  re«dy  solubility  in  water  and  alcohol,  its 

ibilily  in  ether,  its  sweet  tH.^te.  and  its  reaction  with  bases.     The 

tction  of  acrolein  is  also  characteristic  of  glycerin. 

CjHjO,  —  2H,0  =  CjH^O  (Acrolein). 

tparation.  —  By  saponification  of  the  various  nils  and  fats.     It  is  also 
id  in  small  quuntitie-  during  the  alcoholic  fermentation  of  sugar.' 


Pasteur.  Aon.  d.  Cbem.  a.  Pharm.,  Bd.  lOfl.  S.  338, 
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Soaps.  These  may  be  formed  by  the  hctUm  vf  cnustic  ■Ikftlirs  on 
fau^.  The  proceu  conifflta  in  a  suUsiitulion  nf  the  alkflli  for  lh«  ndiclc  of 
glycerin,  the  latter  combining  with  the  elemeoUof  waier  to  form  gly- 

ceria.     Thus, 


TrtotMrin. 


TotAMii.-  HlMinlV 


uinwrtn. 


pBQcreatie  jnioe  can  split  up  fntii  Intu  (lycvrin  aoil  TrM  fatly  aeidk  (Mi* 
31 U  I,  «n>J  ihe  bile  if  koowo  to  be  opublo  of  upODiTjiDg  tbe«e  Uttj  atfiJ«.     Tbe 
amouDt  of  Mapi  formed  in   the  ^imealmrj  c«nml  i»,  b«jwerrr,  tmsll  and  ua- 
importsAt. 

Acisfi  or  TBx  Gltcolic  Skriks. 

Running  pnraHel  to  tbe  monalomic  alcohols  (C*  H^  -|.  ,0)  b  the 
of  dialontic  alcoboU  or  glyeols  fC«  H«  +  ,0.^).  Tbu*  oorrasponding  lo 
ethyl  Hlcohot  t«  the  diHUnnic  ateonol,  ethyUglycol.  As  from  the  mona- 
tomic  nlfohola,  so  fr»>m  the  glycol*,  aeidi  may  be  derived  by  oxidation; 
from  tbe  latter  (^lycoUl,  however,  two  fien(*s  of  ncuU  can  be  obtained, 
known  rospectivelv  as  tbe  glycolic  and  oxalic  series.  The  tint  »lage  of 
oxidation  of  the  glycol  gives  a  member  of  the  gly colic  beriest  tbtis : 

EUiylglynil.  Olyculic  luM. 

C,H,U,  4-  O,  =r  C,H,0,  -f  H,0,  or  more  generally 
C„  H^  +  ,0,  H-  O,  =  C  H,,  O,  -f  H,0. 

By  fVirthcr  oxidation  a  member  of  the  glycolic  series  can  bo  converted 
into  a  meml^r  of  the  oxalic  series,  thus : 

l',H,0,  4-  O,  =  C,H,0^  +  H,0,  or  more  generally 
U  H^  O,  4-  O,  =  C«  H^  _  ,0.  4-  H,0. 

The  acids  of  the  gtycolie  series  are  diatomic  but  monobasic;  those  of 
the  oxalic  series  are  diatomic  and  diaba^ir. 

The  following  table  may  bo  given  to  show  tbo  general  relatiouhlpa  of 
alcohols  and  acids : 


Bwiia*. 

Alcohol. 

Add. 

mwtu. 

AMI, 

AeMU. 

Fonalo. 

Carbonto. 

Methyl  (CH.) 

CHj{OH) 

HOBOi 

u 

HiCO. 

tt 

AeaUe. 

Ethyl-glyool 

OlTcoUo. 

Oxalio 

Etbjl(C,IU) 

Cjivoii) 

liC|H,0« 

C,H,(OH), 

11C,U,0, 

ii,cv). 

Propionic. 

H(;,u,o, 

Prnpyl-Kljrcol 

Laclla. 

MaSoale. 

Propyl  (C,ni) 

C„II,(OUi 

c„ir/oiih 

nc,ii|0, 

n,c,H,o« 

Butyrio. 

Butvl-jrlvcol 

rtxybulyrtc 

BaocinW. 

Butyl  CC^H^J 

C,H.(OH) 

HC,H,0, 

C.H,COII), 

UCHO, 

H,C.tt.04 

GLTCotTC  Acts  8Kiu«a. 

Lactlo  aold.    OsHsO,. 

Next  to  carbonic  acid,  the  most  important  member  of  this  serlaa,  u 
fur  us  physiology  is  conoernod,  is  lactic  acid. 
Lactic  acid  exists  in  four  isomeric  in>:)diOcations,  but  of  tb«M  oolj 
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three  have  been  found  in  the  humftn  body.  These  three  nil  fcrm  sinipy, 
colorleM  fluids,  euluble  in  all  proportions  in  water,  Hicuhol,  and  ether. 
They  possess  an  intensely  sour  lasic,  and  a  filrong  acid  reaction.  When 
beHtcd  in  aoluliun  (hey  aro  partially  distilled  over  in  the  esfflping  vapor. 
They  furm  sallfl  wiili  melaU,  nf  whiL-h  thiise  with  tlio  alkalies  are  very 
Boluble  and  crystallize  with  difficulty.  The  calcium  and  zinc  salts  are  of 
the  greatest  inipurtanco,  as  will  he  seen  later  on. 

1.  Ethylidene-laotio  acid.  This  is  the  ordinary  form  of  the  acid, 
obtained  ks  the  cliarnctfrisilic  product  of  the  well-known  "lactic  fer- 
mentation." It  occurs  in  the  contents  of  the  slomach  nnd  intestines. 
AVrording  to  Heinlz'  it  is  found  also  in  muscles,  and  according  to 
G«clietdlen'  in  the  ganglionic  celU  uf  the  gray  suhstance  of  the  brain. 
In  many  difeiL<es  it  is  found  in  urine,  and  exists  to  a  large  amount  in 
this  excretion  after  poisoning  by  phosphorus.* 

It  may  be  pr«p»red  by  the  general  methods  of  slowly  oxidising  the  tiorr*- 

spooding  j(l>ciil  or  by  loliDg  or  mooucbloriDated  proprionio  aoid  with  moUt 
stiver  oxide.  In  obtaiaing  it  from  the  produL'tii  of  laclia  fcrineotatlon,  the 
eroflts  of  sine  leoliite  are  puriSed  by  several  cryAtalliEationc,  and  the  acid  lib- 
erated froia  the  compound  b^  (be  aotion  of  sulphuretted  bjrdrogea. 

2.  Ethylene-laotic  acid.— This  acid  is  found  accompanying  the 
next  to  bo  described,  in  the  wtittTv  extract  of  muscles.  From  thi»  it  is 
separatHl  by  taking  advantage  nf  lh«  dilferent  sulubililies  in  alcohol  of 
tbti  zinc  salts  of  the  two  acids.  It  sccius  probable,  howover,  that  it  has 
not  yet  been  prepared  in  the  pure  state  by  this  luethud. 

Wislicenus  first  obtained  this  add  bjr  beating  hydroxjeyasido  of  ethylene  with 
aqneouc  solutinns  of  thti  alkalies.* 
The  same  observftr  foand  it  in  many  pathological  fluids. 

3.  Saroolaotlo  aold. — This  acid  has  not  yet  been  procured  syntheti- 
cally As  its  name  implies,  it  u  that  form  of  the  acid  which  chiefly 
occurs  in  musiles,  and  hence  exists  in  large  nuantilics  in  Liebig's 
**  extract  of  nient."  It  is  often  found  also  in  patholugical  fluids.  This 
is  the  only  acid  of  the  series  which  possesses  any  power  of  rotating  the 
plane  of  polarized  liKht;  it  is  otherwise  indiatinguiBhable  from  the 
preceding  ethylidenc-lactic  acid,  and  is  generally  repreeenled  by  the 
Mime  formula.  The  free  acid  has  dextro-,  the  anhydride  Iwvo- rotatory 
action.  The  «pecifio  rotation  fur  the  ainc  salt  in  solution  is  — 7.65**  for 
yellow  lifiht. 

The  zinc  and  calcium  salts  of  sarcolactic  acid  are  niore  soluble  b^th  Id 
water  and  alruhul,  iban  those  of  etliylidene-laclic  acid,  but  less  so  than 
tlii»8fl  of  ethyiene-lactic  acid,  and  tho  same  ealts  of  elhylene-laciic  acid 
contain  more  water  of  crystallization  than  those  of  the  other  two. 

UeiotE  *  b&s  compared  the  above  acida  to  the  modifleatioas  oapable  of  existing 
in  lArtario  acid.* 


*  Ann.  d.  Cbem.  u.  Pbarm.,  Bd.  167,  8.  320. 

*  Paiiicer's  Arohiv.  Bd.  viii.  (1873-74)  8.  171. 

*  Sebultsen  and  RIess,  Ueber  acute  Pbospburvergiftung.     Cbem.  Centralb., 
369,  S.  681. 

*  Ann.  d.  Chem.  u.  Pbarm.,  Bd.  128.  S.  6. 

*  Op.  clt. 

*  See   furlber,  Wislieenns,  op.  eit.     Also  Ann.  d.  Chem.  u.  Pbarm.,  Bd.  10A, 
.  3,  Bd,  107,  8.  302,  and  Zeitoohr.  f.  Chem.,  Bd.  xiU.  S.  U9. 
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HydrtMrylio  a«id.  the  fourth  in  thia  leries  of  laotio  uHdi,  ia  dUUaf^aUhed  bj 
the  nmtura  of  Hi  deoompofUioQ  on  hvfttlng.  It  U  never  found  u  ■  oooitituBiil 
of  animiil  bodina. 

OxAuo  Acid  Skriks. 
Ozalio  acid.    H,0,o,. 

In  ibc  free  state  this  icld  does  not  occur  in  the  humui  body.  Citlcio 
oxalate*  however,  U  »  not  unfreqtient  con<ftituont  of  urine,  iind  enteri 
into  the  composition  of  man^  urinary  calculi,  the  9t)-callod  inultwrry 
calculus  consii^ting  almost  entirely  of  it.  It  may  wtur  in  feces,  and  in 
the  gall-bludilur,  tliuu^rh  this  is  rarely  obicrved. 

Aa  ordinarily  precipilutcd  from  solutions  of  calcic  salts  by  amraonio 
oxalate,  calcic  oxalate  is  quite  amoiphout?,  but  in  urinary*  deposits  it  a»- 
lurnes  a  stmng  chamctcrihtic  crystalline  form,  vi/..,  that  i>f  lectaugular 
octabpilra.  In  8ome  cases  It  nrftsents  the  anomalous  forma  of  rounded 
lumps,  dumb-bells,  or  square  coutmna  with  pyramidul  ends.  It  isinAolublo 
in  water,  alcobul,  and  ether,  ali^u  in  amniuuia  and  acetic  acid.  Mineral 
acidfl  dis»olvo  ihid  salt  readily^  tis  aUo  to  a  smaller  extent  do  sululiont  of 
Bodic  pUo&phute  or  urate.  AH  the  above  cbaracteri^tics  serve  to  detect 
this  salt;  itK  microscopical  appearance,  however,  is  genernlly  of  most 
u««  for  this  purpose. 

The  pure  ucid  ia  prepared  either  by  oxidizing  sugar  with  nitric  acld| 
or  decoinpoiiing  ligneous  tii^sue  with  caustic  alkalies. 

Suoolnlo  acid.    H  ^C,  H  ,0,. 

This  is  the  third  acid  of  the  oxalic  series,  being  sepikrated  from  oxftlic 
ftcid  by  the  intermediate  malonic  acid,  II,CjH,0..  It  rwcurs  in  the 
spleen,  the  tbyinuH,  and  thyroid  Ijodies,  liydroceprmlic  and  bydroc«)« 
fluids. 

Aooording  to  Moissner  and  Shepard '  it  ie  found  m  a  normal  coDstiluent  of 
urine.  This  i«  t^onteited  bjr  Salkuwuki,'  and  aUo  b;  von  8p«^er.  It  fteeoiB 
probable,  bowerer,  that  since  wines  and  ferineoted  liquori  contain  suecinie  acid, 
and  tbis  latter  pavi^es  unobanged  into  the  urine,  that  it  nia^  ibus  be  eco&aioo- 
all;  present  in  this  exorotioo. 

Succinic  ucid  cr}-flUiUize8  in  larae  rhombic  tables,  also  at  times  in  the 
form  of  large  prisms;  they  are  soluble  in  6  purts  of  cold  water,  and  2.2 
of  l>oiling,  slightly  soluble  In  alcMihu!,  and  almost  insoluble  in  ether. 
The  crysUls  roelt  at  180°  C,  and  boil  at  'J35°  C,  IwinR  at  the  same  time 
decomposed  into  the  anhydride  and  water.  The  alkali  salts  of  this  acid 
arejioluble  in  water,  insoluble  in  alcohol  and  ether. 

Pr«parniion, — Apart  from  the  synthetic  methods,  it  may  readily  be 
obtained  by  the  fermenlallon  of  calcic  malate,  acetic  acid  being  produced 
■imultaaeoitsly. 

It*  presence  is  recognized  by  the  micrtMcopic  examination  of  its  crvs- 
lala,  and  lt«  characteristic  reaction  with  normal  load  ac«tate.  With  this 
it  gives  a  precipitate,  easily  soluble  in  excess  of  the  precipitant,  but 
coming  down  again  on  warming  and  shaking.* 


1  Unterfucb.  Uber  d.  Entsteb.  d.  HippDr«aUro.     Ifnnnorer,  )!^M, 
«  PaUger'#  Arcbir,  Bd.  ii.  (I8fi9»  8.  36T,  and  Bd.  iv.  (ISTlj  S.  96. 
*  For  further  particulars  see  Meisancr,   up.  cit.,  and  Meisaner  aad 
SUitsobr.  f.  rat.  Med.  13)  Bd.  xxlv.  S.  97. 
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Cbolkstkbih.     (C„H„0.) 

This  ia  the  only  alcohol  which  occurs  in  the  hutnnn  body  in  the  IVee 
state.  (The  triatomic  alcohol  glycerin  is  ultnost  ulwnys  found  combined 
as  in  the  fats  ;  and  cetyl-alcohol,  or  cllial,  is  ubuiuud  only  Trom  speruia- 
ceti.)  Tt  is  a  white  crystalline  body,  cryslallizing  in  flne  needles  from  its 
solution  in  elher,  chloroform,  or  benzol ;  from  it*  hoj  alcoholic  sotuliona 
it  is  deposited  on  coolinj;  in  rhumbic  tubles.  When  dried  it  melts  at  145°, 
and  distils  in  closed  vfi«>eU  Ht  360°  C.  It  is  quite  insoluble  in  wiitcr  and 
culd  alcohol  ;  e^ulublc  in  solutions  of  bile  saltf. 

Solutions  of  ebolesterin  [tossess  a  left-banded  rolatory  action  on  polar- 
ized light,  uf  — 82°  from  yellow  light,  this  being  independent  of  concen- 
tration and  of  the  nature  of  the  solvent. 

Ueated  with  strong  sulpburic  acid  it  yields  a  hydrocarbon  ;  with  con- 
centrated nitric  it  gives  cholesteric  acid  and  niher  products.  Tt  is  capable 
of  uniting  with  acids  and  forming  compound  ethers. 

Chulesterin  occurs  in  sca»\[  cjuanlities  in  the  bloud  and  muny  tissues, 
and  is  present  in  abundance  in  the  white  mint^r  of  the  cerebro-.-ipinnl  axis 
and  in  nerves.  It  is  a  constant  conAtituent  of  bile,  forming  frequently 
nearly  tbe  whole  mass  of  some  gaIl-stL>ne*.  It  is  found  in  many  patho- 
logical fluids,  hydrocele,  the  fluid  of  ovurial  cy^t?,  etc. 

Fr^mratiun. — From  gall-stones  by  simple  extraction  with  boiling 
alcohol,  and  treatment  with  alcohohc  potash  to  free  from  extraneous 
matter. 

Aa  tests  fur  this  subetanoe  may  be  given  :  With  concentmtcdeulphuric 
acid  and  ii  liltio  iodine  a  violet  cob^r  \b  obtained,  changing  through  green 
to  red  or  blue.  Thi«  is  aimlicable  tf)  the  microscopic  crystals,  After  dis- 
solving in  chloroform  u  olood-rcd  solution  is  Tormod  on  the  addition  of 
an  equal  volume  of  concentrated  sulphuric  nuid  ;  this  sulution  if  exposed 
to  the  air  in  an  open  dish  turns  blut',  green,  ana  finally  yellow  ;  th«  sul- 
phuric acid  under  the  chlorofurm  has  a  green  fluorescence.  After  evapo- 
ration to  dryness  with  nitric  acid,  the  residue  turns  red  on  treating  with 
ammonia. 

This  body  Is  described  bore  rather  for  the  sake  of  oonvenlenco  than  from  its 
posseuiag  aay  alose  relationship  to  the  sabRtaDeeB  immediately  preceding. 


COMPLXX    KlTROOKXOUS   FaTS. 

Lecithin.    C„H„NPO,. 

Occury  widely  spread  throughout  the  bodv.  Blood,  bile,  and  serous 
fluids  contain  it  in  small  quantities,  while  it  is  a  coni>picuumi  compiinent 
of  the  brain,  nerves,  yolk  of  egg,  semen,  pus,  white  blood-corpusclcjt,  and 
the  electrical  organs  of  the  ray. 

AVhen  pure,  it  is  a  colorlent,  slightly  crystalline  substanoe,  which  can 
be  knoadod,  but  often  crumbles  during  the  process.  Tt  is  readily  soluble 
in  cold,  exceedingly  so  in  hot  alcohol;  ether  dissolves  it  freely  though  in 
less  quantities,  as  also  do  chlorofurm,  fats,  benzol,  carbon  diaiulphide,  etc. 
It  is  often  obtained  from  its  alcoholic  solution,  by  evMporatiun,  in  the 
form  of  oily  drops,  Tt  swells  up  in  water  and  in  tliis  stale  yields 
a  flocculent  precipitate  with  sodium  chloride. 

Lecithin  is  easily  decomposed  :  not  only  does  this  decomposition  set  in 
at  70*  C,  but  the  solutions,  if  merely  allowed  to  stand  at  the  ordinary 
temperature,  acquire  an  aoid  reaction,  and  the  substance  is  decomposed. 
Acids  and  alkalies,  of  coune,  eflect  this  much  more  rapidly.     If  boated 
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with  barvU  water  it  is  complctoly  decompoeed,  the  products  being  neitrin, 
Klycerinphosphuric  acid,  aud  baric  8t«arate.  Thlii  rony  be  tbut  repro- 
rented  : 

When  treated  io  an  ethereal  8<>luiiun  with  dilute  sulphurio  acid.  It  la 
inorely  split  up  into  ncurin  and  dislcuryl-jftyccrinphosplioric  Hcid.  Ucow 
OiHkoMow'  rt*';urdfl  lecithin  hs  the  di«ieftryl-glyc<;rinplio?.phfcle  nf  ncurin, 
Iwu  ttloins  of  hydrogen  in  the  glycerinfiiinspliMric  ai-id  bcinc  rt'plnccd  by 
tUf  ruilicle  uf  j*lt;aric  ncid.  It  uppours  nUo  that  there  prulmbly  exist  other 
tinalognua  compounds  ifi  which  the  radicles  of  oleic  and  paliuitic  acidA 
taku  purt. 

FrejHtnstion. — Usually  from  the  yolk  of  egg,  where  It  occurs  in  union 
with  viiellin.  Ita  isolation  is  complicated,  and  the  reader  is  referred 
lo  Hi'piit'-Scyler.* 

GlyoerinphoBphoric  aoid.    CjH^POj. 

Occurs  na  a  product  of  the  decoupottitiun  uf  lecithin,  and,  henct*,  i« 
found  in  those  ti5sued  and  fluids  in  which  this  latler  i^  prvsent:  tn  leu- 
kicmia  iho  urine  is  said  to  cuntiiin  thin  sub»tnnce.  It  haa  not  been 
obtained  in  the  solid  form.  It  baa  been  produced  synthetically  by  heating 
glycerin  and  glacial  jiboj^phoric  acid  ;  it  may  bo  ret;Brded  ma  formed  by  ibn 
union  of  one  moleoulo  nf  glycerin  with  one  of  phoepboric  acid,  with 
cliniination  of  iMie  molecule  of  water.  It  is  a  dibu^ic  acid  ;  ils  »lt8  with 
biiriom  and  ciklciitm  ure  inAi'lublu  in  alc^thol,  soluble  in  cold  water.  Solu- 
tions of  its  »a\\a  uro  precipitated  by  lead  acetate. 

Protagfon.    (Cj^HjogN.POj^?) 

A  crystuHino  body,  containing  nitroffen  and  phosphorus,  obtained  by 
Liebruich^  from  the  brain  subsinnee  and  rcgardea  by  him  as  \U  principal 
con:siitucnt.  The  rcM^archcs  of  Hoppo-8cyler  and  Dtak^now  lendtkl  to 
show  that  protagon  was  merely  a  niixltire  <>f  lecithin  and  cerebrin.  A 
repetition  of  Llobrcicb's  experirnvnts  hot,  however,  Ii:;i)  Uamgvo  and 
Blunkenhorn*  to  conHrni  the  IriiUi  of  his  re»ull*.  JVfit«:;on  ap^>v>ars  lo 
»t*paruui  out  from  warm  alcohol  on  gradual  coitlinj  in  the  form  of  sm 
small  needles,  oft*'n  nrmnged  in  groups;  it  is  slightly  tolubic  In  oolj, 
more  soluble  in  hot  alcohol,  and  ether.  It  is  insoluble  in  wator,  but 
swells  up  and  forme  a  gelatinous  rnabs.  It  mellfi  at  L^JO**  C  ,  and  fomu  a 
brown  «irupy  fluid. 

Preparation. — Finely  divided  brain  suhslnnoe,  fre«d  fhira  blood  and 
cmnoclivetiMuo,  U  digested  at  46*'  C.  with  alcohol  (86  per  cent.)  aalon^ 
fit  the  alcohol  extract*  anything  from  it.  The  protagun  which  s^paimtei 
out  from  the  filtrate  ia  well  washed  with  ether  to  gel  rid  tif  all  rhole*ttTi& 
and  oilier  bodies  soluble  in  ether,  and  finally  purified  by  repealed  crys- 
talliaaiiou  from  warm  alcohol. 

HoppoBeyler*!  M«d.  Chem.  Untertuch..  Hon  il.  ^18(7}  S.  221.  Rftft  Ml. 
(1?88]  8.  405.     Centralb.  f.  d.  med.  Wi«.,  (I8«8;  Nr,  I,  7  u,  28. 

«  Med.  Chera.  Unforsuoh..  Heft  11.  (1807)  S.  »I5. 

*  Ann.  •!.  Cliom.  u.  Pbnrm,.  Bd    \U,  6.  39. 

«  Zaitsobr.  f.  pbvsiol.  Cheto.,  Ud.  iii.  (I87UJ  B.  360.  aod  Jl.  of  Pbralol.,  t«1.  H. 
a87«;p.  U3. 
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Neurln  (ChoUn).    C^H.^NO,. 

Discovered  by  Strecker^  in  pii*'«-Riil1,  then  in  ox-i;nll.  It  does  not 
ucciir  in  tho  frecatiito  cxcf^pt  v.s  a  prmluctfif  tliodocr>uipusition  nf  ledlhin. 
It  is  ft  colorless  tluid,  of  oily  con&ifttence,  posge^teji  a  .stroni;  nlknline  re- 
action, Biid  fonns  with  acids  vory  deliquescent  fslu.  Th«  ^hIIs  with 
hydrochloric  acid  and  the  chloridea  of  platinum  Rnd  gold  are  tho  nio«t 
itupurlant. 

Ncuriii  is  a  most  uuEituble  body,  more  healing  of  il»  aqueous  solution 
ftuffloinfT  to  split  it  up  into  gly*^«»l,  trimelhylnriiin,  and  ethylene  oxide. 

Preparation. — From  yolk  of  egg.     For  this  Bee  I>iakonow.* 

Wurlx*  ha*  obtained  it  ijntbetiniiny,  first  by  the  aetioa  of  gljMl  hydro- 
ohoride  oo  trinietbvlaaitn,  and  th«n  hy  that  of  ethylene  oxide  iod  water  oo  the 
tame  substance.  The  nbovr,  together  frith  the  mode  of  Its  decoinpoiltioDr  point 
to  the  iden  that  nvurin  tnay  be  regarded  as  Irimelbyl^iyethyl-anmoniain, 
bydraU.  N(CHi)t[C,HAO)OB. 

Oerebrln.     C„H„NO,  (?). 

Is  foiiTKl  in  the  axis  cylinder  of  nervoa,  in  pus  corpuwlei,  and  largely 
in  the  brain.  In  former  limes  many  named  were  given  to  tho  Bubstance 
when  in  bh  impure  slate — ex.  jyr.,  cerebric  acid,  ceixbroUa,  etc.  W. 
Miiller*  first  prepared  it  in  the  pure  form,  and  conBtructed  the  above 
formula  from  nis  anulyeis ;  the  mean  of  thc«e  is,  0  15.85,  H  11.2,  N  4.5, 
C  6B.45.  Great  doubts  are,  however,  thrt:>wn  upon  \U  purity  by  the 
researches  of  lalur  obBcrvera.  According  to  Liebroich*  iind  Diakonow,* 
it  is  B  glucoside.' 

Cerebriu  is  a  light,  colorle««,  exceedingly  higroscupic  powder,  which 
swells  up  strongly  in  water,  filowly  in  the  cold,  rapidly  on  heating. 
"When  heated  to  SO**  C,  it  turns  brown,  and  at  a  somewhat  higher  tem- 
perature melts,  bubbles  np,  and  finally  burns  away.  It  is  insoluble  in 
cold  alcohol,  or  ether;  warm  alcohol  dissolves  it  easily.  Heated  with 
dilute  mineral  acids,  corebrin  yields  a  sugar-like  body,  po&sossing  left- 
handed  rotation,  but  iooapable  of  fermentation. 

Preparation. — For  this  aec  W.  Muller.* 


NITROGENOUS  METABOLITES. 
The  Urka  Oroui',  Amidcs,  AXi>  Siuilar  Bodiks. 
Urea.    (NH,),CO. 

The  chief  constituent  of  normal  urine  in  mammalia,  and  some  other 
animals;  the  urine  of  birds  also  contains  a  small  amount.  Normal 
blood,  serous  fluid:!>,  lymph,  and  the  liver,  all  contain  the  same  body  in 
traces.  It  is  not  found  in  the  muscles,  as  a  normal  constituent,  but  may 
make  ita  appeamncc  there  under  certain  pathological  conditions. 


)  Add.  d.  Chem.  n.  Pharm.,  Bd.  123,  6.  3A3.  Dd.  14^  6.  fO. 

3  Op.  cit.  (sub.  Leeitbin). 

3  Ann.  d.  Chem.  a.  Pbarm.,  8up.  Bd.  fi,  8.  Ilfj  a.  127. 

*  Anu.  d,  Cbem.  u.  rhnrm  ,  Bd.  106,  S.  301. 
&  Arch.  f.  pathoL  Anat..  Bd.  30  (1807). 
«  Centralb.  f.  d.  med.  Wins,.  18«H,  Nr.  7. 

*  See  mIpo,  (ieoghegban,  Zcitvcb,  f.  pbyito).  Cbem.,  Bd.  HI,  (1870)  8.  333. 

*  Op,  cit. 
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When  pure,  it  cryelalUses  from  a  concentrated  volution  In  the  form  of 
lonir,  tbin,  glittering  needles.  If  depc^tited  slowly  from  dilute  iinliitions, 
the  form  is  ttmt  ot  fi)ur-»tdpd  prisiiis  with  p^'rttmidnl  onde ;  lhe*e  tire 
always  ttnhvdroiig.  It  pn8.^cs£ca  u  eomewhat  biltor  co(din^  tnst«*,  lik« 
sulipetre.  It  i-  leudily  soltittl(>  in  wntcr  mid  alcuhul,  Ihv  f<olutioa6  bt;in^ 
noulml.  In  nithydroiis  ether  it  is  in>^olulile.  The  rrv^Ul?  iniiy  be  heated 
to  120°  C.  with'uil  being  decomposed;  at  a  higher  tcmperutur*'  th«'y  Bt» 
Hm  liquefied  nud  then  decotnpose,  leaving  no  residue.  Hented  with 
strong  acids  nr  nlknlies.  decomposition  ensues,  th<?  final  prrtdncts  being 
carbunic  anhydride  and  ammonia.  The  same  decompmition  mav  alK» 
(x*CH)r  as  the  re.«u1tuf  the  action  of  a  specific  ferment  on  urea  in  an  uqtie- 
ous  solution.*  Nitrons  acid  ut  once  decomposer  it  into  cBrt>onio  anhydride 
and  free  nitrogen.  It  readilv  furms  compounds  with  acidfi  and  biiflea;  of 
those  the  following  arc  of  importance. 

Nitrate  of  urea.    (NH,),CO.HNO,. 

Cryalallizes  in  eix-Kidcd  or  rhtiinbic-  lahlefi.  Tnsoluble  in  ether  and 
nilrtc  ncid.  soluble  in  water,  eliglitl;  soluble  in  alcohol. 


Oxalate  of  urea.    [(NH,),CU],.H,C,0^-t-H,0. 

Often  crystallizes  in  long  thin  priama,  but  under  the  mtcroacope  U  ob- 
tained in  a  form  closely  resembling  the  nitrate;  it  is  slightly  soluble  in 
wnlcr,  loss  so  in  alcol;ol. 

With  mercuric  nilrate  urea  yields  three  salts,  containing,  rcspcctivelv. 
4,  3,  and  2  equivulent*  of  mercuric  oxide  to  one  (rf  urea.  The  tif%t  is  ifie 
preoipitnte  formed  in  Liebig's  quantitative  dfterminaiion  of  urea,  and 
may  be  represented  by  the  foruiula  2N5H,CO.Hg(N(>,L3HgO.  The 
exact  constitution  of  these  salts  bus  not  vet  been  determined. 

Prepnrnlion. — Ammnnic  sulphate  and  potits^-ic  cyanate  are  mixed  to- 
gether in  aqueous  snlutiun,  and  the  mixture  is  evapurnted  tu  drvneas. 
The  residue  when  extracted  with  abbotuto  alcohol  yields  urea.  From 
urine,  eilh»'r  by  evaporating  to  dryness,  tmving  previously  precipitaicd 
the  urine  with  normal  and  l>asic  lend  acetate  in  futce^sion,  and  removod 
the  lead  hy  sulplinrclted  hydn/igeo,  and  ihen  extraotihc:  with  alcohol ;  or 
concentrating  onlv  to  a  syrup,  and  then  forming  the  nitrate  of  urws; 
this  is  washed  with  pure  nitric  acid  and  decom|»osed  witli  baric  cnrbonatv. 

Detection  in  Solutiona.— In  addition  to  the  microscopic  appaar* 
anee  of  the  cry»^tals  ohtuined  on  evaporation,  ihe  nitrate  and  oxalate 
should  be  formed  and  examined.  Another  part  should  givr  a  precipitate 
with  mercuric  nitrate,  in  the  absence  of  ^ic  chlnride,  but  not  in  iha 
presence  of  this  Ian  ealt  in  excess.  A  third  ]>orti(in  is  treated  with  nitric 
acid  containing  nitrous  fumes;  if  urea  is  present,  nitrojiyun  and  cnrbonic 
anhydride  will  be  nbtained.  To  a  fourth  pnrt  nitric  acid  in  cxcms  and  a 
lillle  mercury  iire  added,  and  the  mixture  is  warmed.  In  pri'«ence  of 
urea  a  colorleaa  mixture  of  gases  (K  and  CO,)  is  given  otf.  A  flflb  por- 
tion is  kept  melted  for  some  time,  dissolved  In  water,  and  cunric  sulphatH 
and  caustic  soda  are  added:  a  red  or  viulot  color,  due  to  uiurel,  la  de- 
veloped. 


■   Mtisculu«,    P6il^r*s   ArohiT,   Bd.   xii. 
|»bjsiol.  Cfacm.,  Bd.  V.  (1841)  8.  :f95. 


18TB)  6.  214.     Jafcsch.    Zalurfa.  t. 
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Quantitative  Determination. — Fur  tliissome  special  maiuml  ntu>i 

be  cutisuHeii.'  Il  will  sutficv  her**  to  point  oUL  th»t  ll»«  del<*rmin«tIon  is 
made  cither  with  li  Eolutiun  of  mercuric  nllmie  of  known  strength 
(Lit'big) ;  by  dcci.>m[Mi»ing  the  ureti  by  means  of  sixlic  hypobruinite  into 
nitrogen,  cNrbonic  anhydride  Hnd  WBter,  and  meaitiirinic  the  nitnigeii 
(Knop)  [N.H^CO  -}-  SNaBrO  =  3NttBr  +  CO,  -j  2U,0  +  NJ,  or 
by  healing  ilie  urea  with  cauftic  baryta  in  a  sf^aled  tul>e,  the  urea  being 
determined  by  the  weight  of  buric  lurbonale  formed  (Btittsen) 

Urea  is  genonilly  considered  to  be  an  uinidc  of  eurb(»nic  acid — i.  «., 
cnrbamido.  The  amide  uf  an  iicid  is  funned  when  water  h  remuved  from 
the  ammonium  lialt  of  the  acid  ;  if  the  acid  bo  dibasic  and  two  molecules 
of  water  be  removed,  the  result  is  often  epoken  of  as  a  diamide.  Thu», 
if  from  nmmonio  carbonate,  (NiJ|),CO|,  two  molecules  of  water,  2H2O, 
be  removed,  carbonic  acid  being  a  dibasic  acid,  the  result  is  urea  ;  thus : 

(NHJjCO,  —  2H,0  =.  (NH,),CO, 

which  may  be  written  either  according  to  the  ammonia  type  as 

CO 


P 


H,  V  N,  or  as 

two  atoms  of  amidogen  (NU.)  being  substituted  for  two  atoms  of  hr- 
droxyl  (UOJ. 

This  connection  between  carbonic  acid  and  urea  is  shown  by  the  fact 
that  aniraonic  carbonate  may  be  formed  out  of  urea  by  hydration,  as 
when  urea  is  suhjwted  to  the  specific  ferment  mentioned  above.  Re- 
garded then  as  a  dianildc  uf  carbonic  acid,  urea  may  be  spoken  of  as 
carbamide.  Bui  the  theoretical  derivation  of  urea  from  amnionic  car- 
bonate by  dehydration  cannot  be  rcalizml  in  practice,  whereas  urea  can 
readily  be  formed  froui  ummoniu  carbamate,  and  Knlbe  is  inclined  to 
regard  it,  not  as  the  dinmide  of  carbonic  acid,  but  a<9  the  amide  of  car* 
bamic  acid.  Ammonium  carbamate.  COjN",!!,  tnmua  HjO,  gives  urea, 
COjN,,!!^ —  which,  if  carbamic  acid  be  written  as  COjOHtXH,,  may  be 
written  as  CO,NU,,NIJj,  one  atom  uf  amtdogen  being  ►ubntitiiied  for  one 
atom  of  hydnixvl,  and  not  two,  a-"*  wh«>n  the  substance  is  regarded  as  de- 
rived fnua  carlwrnic  acid.  Drcrhseis'  experiments  indiuulc  a  ready 
derivation  uf  urea  from  amnionic  carbamate.  He  haa  oblawi(.>d  urea  by 
the  electrolyAiM  i>f  h  solution  of  this  i^att  with  rapidly  alternaling  currents, 
thus  removing  the  elements  of  water  from  the  carbamate  by  tuch  altcr- 
THiting  procet^us  of  oxidation  and  reduction  as  may  be  supposed  to  take 
place  ill  the  body.     The  reaction  is  expri'ssed  as  follows: 

i.    NH,.CO.O.NH,  4-  0  ^  NHj  CO.O.NE,  -]-  H,U, 
ii.     Ne,CaONH,    r  Uj  =  ND^.CO.NU^  +  U,0. 

Wanklyu  and  Gamgee,"  however,  since  urea  when  heated  with  a  large 
excess  of  potassic  pernianiianato  gives  off  all  \Vi  nitrogen  in  a  free  state, 
and  not  in  the  oxidized  form  of  nitric  acid,  ss  do  all  other  umideK,  con- 
clude that  it  is  not  an  amide  at  all,  that  it  is  isomeric  only  and  not 
identical  with  carbamide. 

It  is  imporUnt  to  remember  that  urea  is  also  Uomeric  with  ammonic 

cyanate,  t;{  qi^0     0."^,  indeecj,  waa  first  formed  artiflcially  by  "Wohler 

*  Neubauer  and  Vogel,  Analyra  dec  Uam?.,  viii.  Aull.  1881,  S.  2fl4. 

>  Arab.  f.  Phyaiol.,  IHSU,  S.  bhO,  *  Journ.  Chem.  Soe.  2,  vol.  ri.^.^&. 
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(1828)  from  this  body.  We  thu»  hnr©  three  ijwmeric  cornpfPttitd«,  nni- 
mnniiitn  cyaimte,  urea,  und  carbamide,  related  to  each  other  in  such  n 
wuy  that  urea  may  bo  nbtuined  rctkdily  either  from  ammoniuui  cyaaato 
or  from  ammonic  cnrbumatc,  iind  may  with  the  greatest  caw  be  converted 
into  ammonic  carbonate.*  Xow  urea  is  n  much  more  stable  body  than 
ammonic  cyanate,  and  in  the  traneformation  of  the  latter  into  the  former, 
energy  is  set  free  ;  and  it  in  worthy  of  notice  that  though  the  presence  of 
sulph<>cyanide«  in  the  enllva  probably  indicates  the  existence  of  cyanic 
residue;  in  the  body,  the  nitrogenous  products  of  the  decomposition  of 
pn»leida  belong  ohi«tly  t'j  the  class  ttf  amides,  cyanogen  compounda  being 
ran;  (imong  them.  Ptluger'  has  CHll«>d  uttention  In  the  (p^At  molecular 
energy  of  the  cyanogen  compounds,  and  has  suggested  that  the  functional 
metabolism  of  protoplasm  by  which  energy  is  set  free,  may  be  compared 
to  the  conversion  nf  the  energetic  unal-able  cyanogen  compounds  into  the 
less  energetic  and  more  stable  amides.  In  other  words*  ammonium 
oyanute  is  a  typo  of  living,  und  urea  of  dead  nitrogen,  and  the  conver- 
sion of  the  former  into  the  latter  is  an  image  of  the  essential  change 
which  takes  place  when  a  living  proteid  die«. 

Compound  Urta*. — The  byJrogen  kIqidr  of  urea  can  bo  replaced  by  iiloobol 
and  aoid  radioI««.  The  r«BDltf  are  oorDpouml  areas  or  urelde*  whan  tba  bydro- 
gon  is  replaced  by  an  aoid  radiele.  Man;  of  tbeia  ar«  called  acids,  siaee  tha 
hydrogen  froui  the  Hinidv  group,  if  nut  all  rep1iiuc<l  am  above,  oaa  be  replaced 
by  a  mcial.  Tbui  the  liubxtitulitm  of  oialyl  (oxalic  ocidj  gives  parabooio  oold, 
(CO 
VA  II,orCO.  NHfcN  .  C|0  j 

of  tarlronyl  (Urtrontc  acid),  dlalurle  aeid.  CO,  K.lcr  N.C|H,Oi;  of  niasoxalyl 
(nie«ozalic  acid),  alloxan,  CO,  Nllg,  N  .  CgOi.  Thftte  bodies  are  inieraitiDg  at 
being  also  obtained  by  the  artificial  oxidation  of  urio  add.     (S«e  belofi.) 

Uric  aoid.    CjH^NjO,. 

The  chief  constituent  of  the  urine  in  birds  and  reptiles;  it  occur*  only 
sparingly  in  this  excretion  in  man  and  most  mammalia.  It  is  normally 
present  in  the  spleen,  and  traces  of  it  have  been  found  in  (be  lungs, 
muscles  of  the  heart,  pnncrcfi«,  brain,  and  liver.  Urinary  and  renal  cal- 
culi often  coDsist  largely  of  tbi^  body,  or  iie  salts.  In  gout,  accuroula- 
tionu  of  urio  acid  ?alt8  may  '-ccur  in  various  parts  of  the  body,  forming 
the  so-called  goiity  coDcrctions. 

It  is  when  pure  a  colorless,  crystalline  p<fwder,  lasteleas,  and  without 
odor.  The  crystalline  form  is  very  variable,  but  usually  tends  towards 
that  of  rhombic  tables'  When  impure  it  crystallizes  readily,  but  then 
po8eoB5e6  a  yellowish  or  brownish  color.  In  water  it  is  very  Insoluble  (I 
in  14,0(M>  or  15,000  of  cold  water) ;  ether  and  alcohol  do  not  diaoolve  it 
appreciably.     On  the  other  hand,  sulphuric  acid  takes  it  up  wltfaoul 

1  The  following  Hternture  Is  Intereitlng  in  connection  with  the  question  of  Ik* 
cyanic  or  amide  origiu  uf  nrea.  Dreoheol :  Ber.  d.  k.  s.  Genell,  d.  Wl»*.  IMp- 
ilg:  Sits.  25.  Jult.  [87A;  Arob.  f.  PbvMol..  is^n,  S.  560.  V  Knieheu :  t\.1. 
Biol.,  Bd.  X.  (1874)  S.  2tl.t.  Munk:  Zt.  f.  physiol.  Cham..  Bd.  il.  (ISTS)  S.  3V. 
B.  Salkowski :  Centrnlb.  f.  d.  lued.  Wisi.,  1S76,  No.  b%\  Bar.  d.  deul«cli.  Chem. 
Qesall.,  1675,  S.  U(^:  Zeitsrh.  f.  pbyiiot,  Chem..  Bd.  i.  (1877).  Sn.  l.u.  ?.7«; 
Bd.  iv.  (18SD)  Sn.  64,  u.  I0»,  ScbmUdoberg;  Arch.  f.  exp.  Pathol.,  Bd.  Hit 
(1877)8.  1. 

»  PBllger's  Arebiv.  Bd.  i.  (1875)  8.  M7. 

'  See  uUtuana  and  K.  B.  Hoffmann,  Atlas  der  Hamaediiaeot«,  WIeo.  137S. 
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decomposition,  nnd  it  \«  kUo  readily  soluble  in  mniiy  fftlt«  of  the  alknlies, 
n»  in  the  alkilieB  tbemsvlves.     Aminoniii,  however,  tfcNrcely  diiwjlvefi  it. 

Salts  of  Urio  Aold.— Of  there,  the  most  iinp(»rlnnt  uro  the  «cid 
iiruie-t  (Y  podium,  potMi'i^Min,  mid  nniinoniutn.  The  fodintn  vflltcr^atal- 
lizes  in  iiinny  dillVreni  I'-ttnis,  these  not  beinij  rhnniclerifttic,  «ince  ihey 
am  alinohi.  iht?  j-nmo  int-  the  fftrrespundinir  compound-*  «>f  the  other  twu 
bHses.  It  is  vory  in*tiluMe  in  coM  wftter(l  in  1100 or  1200), more  snhible 
in  hot  (1  in  l*.'*).  It  is  the  prinripnl  ci'n.*tiluent  nf  ievonil  furms  of 
urinary  sediment,  and  CTimpy*e*  n  larjje  pjirl  of  ninny  oulculi;  the  ex- 
crement of  snakes  conlHins  it  lurgcly.  The  potM»-viuni  re»eml>le8  ihe 
sodium  finlt  very  clo<)ely,  as  also  does  the  c>>mponnd  with  Hmmoniuin; 
the  laltur  ocx-urn  irenenilly  in  the  sediment  fr-om  alkaline  iirino. 

Preparation.  —  Usually  from  i;uano,  nr  t'nake's  oxcremenl.  From  guano 
hy  hiulin^  with  citnslic  potash  (1  pnrt  nlknti  lo  20  of  watcir)  as  long  ss 
ammonia  is  evolved.  In  the  flllrate  a  precipitaie  of  aeid  urate  of  poias- 
sium  h  formed  hy  pa«ising  a  current  of  cnrhnnic  anhydride;  this  salt  is 
then  washed,  di'-Holved  in  a  caustic  pota-^h  mi-!  decomposed  by  carp  fully 
pouriag  its  solution  into  iin  excels  of  hydrochloric  acid. 

The  presence  uf  uric  acid  is  recogni'ised  hy  the  foIIowiiiR  testi.  The 
■uhslanc-e  having  been  examined  microscopiriilly,  a  portion  is  evaporated 
earrfulfy  to  dryness  with  one  or  two  drops  of  nilric  ncid.  The  residue 
will,  if  uric  acid  is  present,  be  of  a  red  color,  which,  on  the  addition  of 
ramonia,  turns  in  purph*.  This  is  the  murexide  teftl,  and  depends  on  ihe 
once  of  uljoxrin  and  nlloxantin  in  the  n'sidue.  Sohiflf'  has  given  a 
elicate  reiictinn  for  uric  atid.  The  $ub«ttanee  is  dissolved  in  s<»dic  ewrho- 
luile,  and  dropped  on  paper  nioi»t(-nod  wilh  a  silver  salt.  If  uric  acid  be 
present,  a  brown  stain  is  formed,  due  to  the  reduclion  of  the  oarlxmate  of 
silver.  An  alkaline  solution  of  uric  acid  can,  like  dextrose,  reduce  cupric 
sulphate,  with  precipitation  of  the  rtiproiis  oxide. 

Uric  ncid  resiMs  very  larjjely  the  action  of  even  strong  acids  and  alkalios, 
oxhibiung  in  Ihi*  respect  a  marked  ditferonee  from  urea.  It  mipht,  there- 
fore, jierhnps  he  supiM>^ed  that  urea  residues  do  not  preiixist  in  uric  acid ; 
nevertheless,  by  oxiuution,  uric  acid  does  give  rise,  not  only  to  ordinary 
ureN,  hut  nUn,  and  at  the  lame  time,  lo  the  compound  uren»  (tireide*) 
spoken  of  above.     Thus  by  oxidation  with  acids, 

Uric  «rli2.  AUuxso.  Un«. 

OjH^NjO.-l-H^O-fO^CN.H.O.+CNjH.O. 

Now  alhaan,  as  was  staled  above,  is  a  cwmpouiid  urea,  vix  ,  mefoxslyl- 
ureii,  and  by  hydration  chu  be  converted  into  meaoxalii*  arid  and  urea, 
thu«  : 

AHux&a.  M'-^ixslft;  atitl.      Vrm. 

C,NjH,0,4^2H,0=C,n,0^-fCN/ri,0; 

and  by  the  action  of  chlorine  uric  aeid  can  he  split  up  directly  inlou 
molctnile  of  me'^oxalic  neid  and  two  molecules  of  ure^a  : 

Urir  airiil  SInoxalicacid,         I'rfA. 

^'4H«?^A4-Cl,+4H50.=C,H,04-i-2CN,H.OC+2HCl. 


>  Aan.  d.  Cham. 
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By  nxidntiun  wUb  alkalies,  uric  acid  u  ucnverted  intu  HllaiiWin 
carbonic  acid, 

Uriti  al4J.  AUiinlols. 

OjH.N/),  f  H,04-0=C,U,N,0,-|-C0, ; 
and  allantoin,  hy  hydrtilitm,  b4*comcs  iilinnluric  or  lantanuric  acid  and 
urea, 

AlUutuio.  Urvft.       AUuilnric  *cid. 

Now  allaaturic  acid  h  a  uoui[touud  urea,  with  a  residue  of  glyoxylio 
acid.  By  other  oxidations  of  uric  acid,  pumhanic  acid  (oxalvl-ureiK, 
oxalurio  acid  (wliich  U  iiydmtod  parubanic  acid},  and  diuluric  acid 
(lartrottyl'ureu)  are  ubtain<.*d.  In  fact,  ull  these  decompositiuna  of  a 
molecule  of  uric  uuid  lead  to  the  production  of  urea  and  of  a  carbon  acid 
of  euuie  kind  ur  oiber.  Tlie  relutiun  uf  uric  ucid  to  urea  ac  illustrated  by 
the  ab*jve  rouelictns  is  brought  very  (iromineiilly  into  view  by  tbe  syn- 
thesis of  uric  acid  which  has  recently  been  i»crforined.^  It  \i  obtained 
by  simply  fusing  together  glycocino  (aniido-acetic  acid)  and  urea  al  a 
tempertiture  of  2t>0°~2ii0°  0.  The  converse  formation  of  glycoctne  from 
uric  acid  with  the  simultaneous  production  of  ammonia  and  carbonic 
anhydride  has  bcvn  known  for  some  time.  Since  in  this  latter  reaction 
the  uiumonJH  and  carbonic  anhydride  nre  in  tbe  proportions  in  which 
tht^y  WifUld  he  obiuined  from  cyanu';  or  cyaniiric  acid,  uric  acid  ha.i  been 
rcgurded  as  built  up  from  re^idueg  of  cyuiiuric  acid  and  glycin,  Juat  Oa 
hippuric  acid  k  furnitid  from  |;lycin  and  benzoic  acid.  It  was  alto  at 
one  time  supposed  that  uric  acid  might  be  regarded  as  tartronyl  cyana- 
mide. 


If  the  oxiatence  of  «omc  cyanogen  residue  is  lhu«  a«i^umcd  in  Oie  mole- 
cule of  uric  acid,  then  it  must  be^uppoecd  that  before  urea  can  beobtainrd 
from  it  a  molecular  change  iakee  place  by  which  u  portion  at,  least  uf  (be 
nttroKen  of  the  uric  acid  h  converted  into  the  same  cundilt<.)n  a*  the  real 
of  tho  nitrogen,  viz.,  into  the  nmidG  6tate. 

If  this  be  so,  since  iho  metaboUtfm  of  the  nninmls  in  which  uric  acid 
replaces  urea  cannot  bosnppnsed  ti>  be  fundamentally  difi'ervnt  from  that 
of^lhe  urca-pri>ducine:  animals,  we  may  infer  that  tho  antecedent  of  both 
uric  acid  and  urea  in  the  reg;rtt8sive  mulabolism  of  proteids  is,  as  we  sug- 
gested above,  a  body  containing  some  at  least  of  its  nitrogen  in  the  form 
of  cyanogen." 

Bjeatln.    C^U^NjO^ 

Occurs  AA  a  constant  constituent  of  the  Jiiice$  of  muscles,  thouefa  pM- 
sibly  it  may  bu  fonnttd  during  the  process  of  exlmction  by  the  bydrntina 
of  krealinin.  Kmttin  it*  not  a  normul  constituent  nf  urine,  but  it  ia  said 
to  occur  in  traces  in  several  fluids  of  the  body.  When  found  in  urine  lU 
presence  h  probably  due  to  the  conversion  of  krcatinin,  a  constant  con- 
Ktituent  nf  uriny,  itiUi  krcutin  during  it*  evlraction,  since  De4«aignas' 
has  shown  that  the  mora  rapidly  the  scjmration  \f  ctTeotcd,  the  lens  is  the 
quonlUy  of  kreatin  obtained,  and  tbe  greater  the  amount  of  kreatinui. 

1  HorbaoiowBki,  Bor.  d.  ileut«cb.  flhem.  Uasell.  Jahrg.  IBS2,  K.  347ft. 
>  Sea  V.  Knieriotn,  Zcitseb   f.  UiaU  Bd.  xiii.  (I»'7J  S.  9G.    Sohr^der, 
r.  Physiol.  Cbem.,  H«l.  ii.  (ISTft;  S.  238. 
*  J.  Pharm.  {'A)  Bd.  xui^.S.  U. 
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In  the  Anhydroiu  form  it  is  white  and  opiique,  but  cryslftllizes  with 
one  molecule  of  wuier  in  colorless  transparent  rhomMc  prisnif).  El  poa- 
se»e«  B  Foinewhttt  bitter  laste.  h  soluble  in  cold,  extremely  soluble  in  hot 
vaier,  i«  less  soluble  in  itbsolule  than  in  dilute  alcufaol,  and  i»  »olubl«  in 
other. 

It  is  a  very  weak  ba$e,  scarcely  neutralizing  tho  weakest  acid^.  It 
forms  cryHalline  compMunda  with  sulphuric,  hydrochluric,  and  nilrio 
acids. 

J^reparation. — From  cxtnict  of  nuiscle  by  precipitating  completely  with 
bMflo  Iea»1  ncetale,  nnd  crystftlli zing  mil  the  kre»tin,  mixed  with  kreatinin. 
Fpf)ni  thi^  latter  it  is  separated  by  the  formutton  of  the  K!nc-falt  of  kre- 
atinin,  kreatin  not  readily  yielding;  a  similar  compound. 

Kreatin  way  bo  oonvertec]  into  krcatinin  under  the  inflnenca  of  acida,  the 
trans rorination  being  one  of  Rimpls  ilehjilmtiun. 

Kreatin  may  be  decom|Kwed  inU)  earcosin  (methylglycin)  and  urea: 

C4n,N,0,-f-H,0=C5H.NO,  +  Cn,N,0 ; 

it  may  be  formed  svnthotically^  by  the  action  of  fnrcnHn  and  cyanamide : 

C,H,N0,-f-CH,N,=U,U,N30. 
Sarcosin  la  glycin  in  which  one  lUom  of  bydrogon  has  been  replaced  by 
the  alcohol  radicle  methyl,  thus  : 

Glydn  ^^^f  I O  becomea  OiB^CH,)0  j  q  . 
like  glycln,  carcosin  has  ni>t  been  found  in  a  fVe«  ftate  in  the  body. 

Kreatlnln.    C^HjXjO. 

Thin,  which  i%  «imply  a  dehydrated  Form  cf  kreatin,  occur*  normally 
08  a  constant  constituent  of  virinc  and  of  muscle  extract.  It  crystallizes 
in  colorlefls  shininj^  prisms,  potscsBinj;  u  itrung  alkaline  ta«le  and  reac- 
tion. It  i«  readily  soluble  in  cold  water  (I  in  11.6),  also  in  alcohol,  but 
is  scarcely  soluble  in  ether.  Ii  acts  «»  u  powerful  base,  forming  with 
acids  and  salts  cr>mpound.s  which  cryt^tallize  w^^ll-  Of  these  the  most  im- 
portant is  the  >ttlt  with  zinc  chl.trido  (CjlI,N,0),ZnClj.  It  is  formed 
when  a  concentrated  solution  of  the  chloride  is  added  to  a  not  too  dilute 
8<ilutinn  of  kreittinin.  Since  the  compound  is  very  little  soluble  in 
alcohol,  it  is  better  to  use  alcoholic  rather  iban  aqueous  solutions.  It 
crystalli^.ea  in  warty  lumps  composed  of  aggregated  masses  of  prisms,  or 
Hne  nedle«. 

Frfparntion, — Either  by  the  action  of  acids  or  kreatin,  or  from  human 
urine  by  concentrating/and  precipitating  with  lead  acetate;  in  the 
filtrate  from  this,  a  jiecond  precipitate  i.s  cauj>cd  by  tho  addition  of  mer- 
curic chloride,  and  consigts  of  h  compound  "f  Ibis  salt  with  krealinin. 
The  mercurj-  is  removed  by  sulphuretted  hydrogen,  and  the  krealinin 
purified  by  tho  formation  of  the  zinc  suit,  and  washing  with  alcohol. 

Krentin-xlnc  ohloride  luaj  bfl  conreried  intn  kreatin,  by  tho  action  of  by- 
(Irated  axide  of  lead  od  lt«  boiliog  aqaeous  solution, 

Allantoln.    C.H.NjO,. 

The  characteristic  constituent  of  the  allantoic  fluid  of  tho  foetus;  it 
occurs  also  in  the  urme  of  animals  for  a  short  pt^nod  after  their  birlh. 
Traces  of  it  are  sometimes  delected  in  this  excretion  at  a  later  period. 


I  SiUnngsber.  d.  bayerioh.  A.kad.  1868,  BO.  3,«.  Wl. 
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It  cryslftllizes  in  small,  sbininf?,  colorless  pneinn,  which  are  Intlntltf' 
and  o<lorU-s«.     Tbey  nro  stiliiblc  in  lAO  |inrti  of  cold,  more  soltiMe  in  hoi 
wtiler,  ins^'lublc  in  cold  «Ii.'c»hol  and  vtlnT,  froluhk*  in   hnl  uk'otiol.     Car- 
bnn»lf«*  t-r  till'  iilknliefl  diisolvn  lliem,  nnd  ctimpnund*  may  Ixs  formed  i»f 
iiUuniuin  wiih  meln)^  but  n<.>i  with  acids. 

Allnnloin,  h»  alrvudy  ataii^l,  is  one  of  tli«  pnjduol*  <>f  the  oxidation  cf 
uric  Bcid,  nnd  by  further  oxidation  gives  rise  to  urea. 

Preparnttun. — This  is  bftt-l  carried  out  by  the  carcfiil  oxidation  of  uric 
acid  cithtir  by  means  of  polassic  porinanganate  or  fvrrocyanide,  or  by 
plumbic  oxide. 


^ 


Hypoxanthin  or  Sarkin.    0^\\^^p. 

Is  a  normnl  cunstituont  of  mu^oles,  occ*urring  n1&L>  in  tho  eplecn. 
liver,  aud  mcdullii  uf  bones.  In  l^uktefnia  it  itpp'Tars  in  tbe  blood  and 
urine.  It  crystallizes  in  fino  needles  which  arc  soluble  in  r!0(l  part*  of 
cold,  more  soluble  in  hot  water,  ins<duble  in  idcohol,  .soluble  in  acids  and 
alkiilieii.  It  forms  crystalline  couipi>und!^  with  acids  and  lmiir«.  It  is 
prucipilHl^Hl  by  basic  ncetale  of  Iwia,  lh«  precipitate  bfting  »olubl«  in  a 
ttuluLiun  of  the  noruinl  acetate.  It«  prcpHrntton  rr«)m  muscle  extrnct 
depends  on  Its  precipilution  flret  by  basic  ucetate  of  lead,  and  then  by  an 
amnioniHCfll  solution  of  silver  nitrate  aflt-r  the  removal  of  krealiu. 

Both  bypoxanthiu  Bn<l  th«  next  body,  xnuthia,  can  also  b*  obtained  from 
proleidfl  by  the  uclian  of  pulrefKolire  changes,  of  water  nt  boUing  tompflratara, 
uf  lillute  bydrooblorio  oritl  (0.2  jicr  oeot.)  nt  40*^  C,  mid  liv  the  action  of  gailrio 
and  pancreatic  ferroenti.'  Cbittcnrlcn  huj  noticed  ■  peculiar  iliffcrcDce  betwefto 
fibrin  and  0|;g-albuinin  nhoa  itiibuiiltod  lo  tho  aborc  ]<rttc¥.'tfvr ;  ho  fiotis  that 
tho  latter  does  not  yield  hypoxnnthin  when  treated  widi  builinK  wat«>r,  wilb 
dilute  hydrochloric  acid,  or  ^^ttio  fertnent,  while  the  rurioer  does,  ilgg  albu- 
min on  the  other  hand  yields  bypoxanlbin  by  the  actioo  of  pancreatic  forinenl 
in  alkaline  solution  but  nut  to  readily  a4  fibrin  doo». 

Xanthiu.    CjH.N.O,. 

Pir&t  discovered  in  a  urinary  calculus,  und  called  xinthic  oxide- 
More  rcceiuly  it  has  been  found  aa  a  normal,  though  scanty,  constit- 
uent of  urine,  muscles,  and  .levpral  organs,  such  a*  the  liver  sple«n, 
ihvmus,  etc. 

\Vhen  prctipitfttcd  by  coolint;  from  its  hot,  saturalcd,  aqueous  solution 
it  falls  in  whittr  llocks,  but  if  the  solution  be  allowed  to  evaporate  slowly 
it  ifl  obtained  in  small  scales.  When  pure  it  is  a  colorless  powder,  verr 
insoluble  in  water,  requiring  1600  times  lis  bulk  for  tiduti'm  at  100°  C. 
Insoluble  in  alcohol  tind  elhcr,  it  readily  dissolves  in  dilute  ncida  and 
nlknlleE,  forming  crystnlli/nble  compoundfi. 

nypoxanthin  by  oiLidniion  becomes  xanthin.  Both  tho>u  b<.>d{««,  aa 
well  at>  the  fnlb.win^,  ijuanin  (ind  carnin,  an?  evidmtly  closely  allied  to 
uric  acid;  indeed,  uric  acid  by  I  he  nclion  of  sodium-iimnl^nni  tnay  be 
converted  into  n  mixture  of  xanthiu  and  bypuxanflnn. 

Pfrparution. — It  is  obtained  from  urine  and  the  a(|ueoua  extnce  of 
muscle   by  a  proceu  similar  to    that  for  hypoxanthin,  and    U    tbtn 

i  SaloiiH^n,  Zeildebr.  f.  phyuiol.  Cbeia..  Bd.  li.  (I87R-18791  8.  fl©.  Ktwna. 
InBUK.  Di«*.,  Bfrlio,  I8TS.  (Chittenden,  .lourn.  of  Phyfiol.,  vol.  li.  f1K7V)  p.  IS. 
Bee  aUo  Drecbuol,  Ber.  tl.  deul«ch.  Cbem.  (j««ell.  Jahrj^.  xlll.  (I^^A)  3  3tO. 
Salutnon,  Ibid.  S.  Iino.  Kosset.  y.«ii*rh.  f.  [hvMol.  Chem.,  Bd.  v.  (18fil)Sn.  lU 
a.  207. 
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aeparated  from  the  Utter  by  the  action  of  dilute  hyUrocbloric  acid;  this 
6«(>aration  depetidtt  on  the  ditfiereni  «i>lubililios  of  iliG  hydrochlot  Ides  uf 
the  two  bodies.     For  further  iiiformatiunf  see  Neubuuer  and  Vogel.* 

Oamln.    C,UgN,0, 

Discovered  by  Weidel"  in  extract  of  meat,  of  which  U  constitutes 
about  onu  p«r  cent. 

It  cryBtalliy.M  in  while  mft^sos  composed  of  very  small,  irregular  cr}"«- 
talfl;  it  i«  soluble  wiih  difficulty  in  cold,  more  muily  soluble  lu  hoi  wmer, 

IinsLiluble  in  uU'filidl  nud  mher.  Its  uqueoit^  solution  is  n>>t  prvcipitaUKl 
by  normal  lead  ncttiite,  but  U  by  th«  ba!*ic  ncctatc  of  this  metal.  It 
unites  with  acids  and  salu  forming  crystalline  compounds. 
Prejmmtion. — is  found  in  the  precipitate  caused  in  extract  of  meat  by 
basic  acetate  of  Uad.* 
This  body  poBS«sfl«  an  iotaraiting  ralstion  tu  bypuzantkioj  into  wMoh  it 
mav  bo  ounrerteil  by  the  action  eltber  of  nitric  acid  or,  t\\\\  better,  of  bromine. 

»auanln.     C.H.N^O. 
Fir^t  obtained  from  guano,  but  recently  observed  as  occurring  in  amall 
quanlities  in  the  pnncreiiH,  liver,  and  muscle  extract 

It  is  a  while  amorphous  powder,  insoluble  in  wuLcr,  alcohol,  clhGr, 
and  ammonia.  U  uiiiics  with  acids,  nlkalie!i>,  uiid  liults  to  form  erystaU 
lizuble  compounds. 

Preparatwn. — From  guano  by  boiling  6ucce*eively  wUh  milk  of  Hme 
mid  cnustic  i^uda,  precipitating  with  acetic  acid,  and  purifying  by  solution 
in  hydrochloric  acid  and  precipiUition  by  ammunia. 

Guunin  mav,  by  the  action  of  nitrous  acid,  bo  converted  into  xanlbin. 
By  oxidation  It  can  be  made  to  yield  principatly  guauidine  and  parabanic 
acid,  accompanied,  however,  by  small  qiiantitie4  of  urea,  xanthin,  and 
•»xalic  acid.  <Ja[iranicft  has  given  several  reactions  chnracterislic'of  this 
body.* 

Its  separation  from  hypoxanthin  and  xanlhin  depends  on  its  iosolu- 
bility  in  water  and  beliaviur  with  hydrochloric  acid. 

Kynurenic  acid     C«Hi4N50«+2lI,0. 

Found  in  the  urine  of  dugs,  and  flr»t  described  by  Liebig.''  When 
pure,  it  crystallizes  in  brilliant  while  needles,  insoluble  iu  cold,  f^oluble 
in  hot  alcohol.  The  only  sail  of  Chii  body  which  cry»talli£eA  well  \»  that 
formed  with  barium.  For  preparalion  and  oihor  particulars,  see  Liebig* 
and  Schullzen  and  Schmicdeberg.' 

Olyoln.     CjH,(NH,)0(UH).     AUo  called  Glycocoll  and  Glycocine. 

Docs  not  occur  in  a  free  state  in  the  human  body,  but  enters  into  the 
composition  of  many  important  eub^tn^ce#>l,  ex.  ffr.,  hippiiric  Mnd  bile 
acids.     It  cryittalliises  in  large,  colorlues,  hard  rbuuibuhedra,  which  are 

^H    >  Ham.  AoalyBt.  Bd.  viii.  (1881)  S.  26.     Also  ibe  UtanitDre  quoted  above  on 
^"^hypoxanlbiD, 

3  Ann.  a.  Chom.  u.  PbAroi.,  Bd.  158,  8.  .'Iffd. 

">  See  Weldol,  up.  cit. 

*  Zcitacb.  f.  phyaipl.  Chcm..  Bd   iv.  {imif  8.  2-IU. 

A  Aou.  d.  Cheiu.  u.  Phariu.,  Bd.  80,  ti.  135,  nnd  Bd.  108,  S.  3&4. 

I*  Op.  cU.  1  Ann.  d.  Cheiu.  u.  Pbarin..  Bd.  HM,  S.  Ibb, 
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eaBily  eoluble  in  wnter,  insoluble  in  cold,  Blighlly  Hilubl«  ko  liot  alcohol, 
inAolublo  in  laher.  It  pi^se«4e8  nn  ncid  reaction,  but  n  «wei?t  ta»t«.  It 
bfls  aUo  ibc  property  v(  uttiting  with  both  acida  and  bases,  to  rnrrii  crya- 
illizable  com]i(iuiiJ<*.  In  Ibiti  it  cxliibiu  it*  umide  UKltire,  and  that  it  ia 
amide  is  rond<»red  evident  frnni  tbfi  mftlwds  of  its  svfitlif'tio  pr«*pant- 
tfon  ;  thus,  mi>ni>-chlor-ttc«tk>  acid  and  uinmoina  give  u;lvrin  and  ummunic 
cblnride:  C,HaCK>.-i-2NHj=^Call,(Ml,,)Oi01Jj^  NlI^Cl.  It  i«  ainido- 
ui'e'ic  ncid,  Hoiitcd  with  i  MU^tic  barjr^  it  yields  atnmonta  and  luetbyla- 
niine.  ^ 

Preparation, — From  ^lutin  by  the  action  ofBcidcorsIlcaliec;  from  hip- 
puric  acid  by  decum|M>ing  it  with  bydt-OLhlorio  acid  at  a  boiling  ti^nipem- 
turc  and  removing  by  precipttuLiun  tbe  feinitilLuneoufily  furnicd  bcnx«^ic 
ncid. 


Taurln.    C,H,NO,S. 

In  addition  to  entL'ring  into  tb«  compu«Hlun  of  taurvcholic  acid  (s«e  p« 
888),  taiirin  is  fouiid  in  traces  in  thc«  juices  of  niuficio  and  in  the  luni;s. 

It  cryMHlli7.e£  in  colurle&s,  rci|:uUr,  six-sided  prismf ;   those  are  readiljr 

>luble  in  watAt,  l««a  so  in  aUobol,     The  s'olutions  are  neutmL     It  »r 

r«ry  stalde  compound,  rtsUting  teniporaturcs  of  les»  than  240°  C. ;  il  ia 

tiut  acted  on  by  dilute  uikalii':!  and  acids,  even  when  boiled  with  tbcm. 

It  is  not  prccipilMted  by  irM-tnlHi*  suits. 

Tnurin  ia  amido-iselhionic  acid;  and  may  be  Hynthetically  prcparvd 
from  isethionic  (ethyUbulpburic)  acid  by  the  action  of  ammonia;  thtu: 

•■'i?'}  SO.-f-NH,=^?||»}sO,+H,0. 

Preparation. — As  a  product  of  tbe  decomposition  of  bile,  and  ia  puri- 
fied by  removing  any  tracrw  of  bilo  acid*  by  moans  of  lead  nc«tatc,  and 
then  Bucces£i\'ely  cryetaHiKing  from  water. 

Loucln.    C,H„NOj. 

Is  one  of  the  principal  products  of  the  decompt>«ition  of  nitroj^«nou« 
inattor,  either  under  the  influence  of  putrvfnrtion  or  of  slnmi;  acids  and 
ulkalifti.  It  "Cfurf,  however,  normally  in  tlii?  |»ani'reat.  splwn,  thymiu, 
thyroid,  salivary  gland.^,  liver,  etc.,  and  is  one  of  the  products  of  lb* 
tryptic  (pancreatic)  digestion  of  prolelds ;  in  acute  utrppby  of  the  liver 
it  is  present  in  the  urine  in  largo  quantity,  in  company  uriln  tyrosin. 

As  nsunily  obtained  in  an  impure  form  it  cryalaUizes  In  roundt*i3 
lumps  which  lire  often  collected  together  and  sooietimfs  exhibit  radiating 
^Iriation.  AVIien  pure,  it  fonus  very  thin,  white,  t'litt^ring  Hat  crystal*. 
These  are  easily  soluble  in  hot  water,  loss  so  in  cold  water  ""  '  ■■>  htd, 
insiiliiblo  in  ctfiur.     They  feel  oily  to  tbe  louob,  and  art^    v  t-Il 

and  ta«to.     At  ids  and  arkaliea  di«aolve  tbcm  readily,  and  >   .  -i>le 

compound!*  are  formed. 

CkrefaUy  hcalp<l  to  170'^  C.  it  sablimos,  bat  M  a  bigber  1enip«ralare  it  deoom- 
fiuaed,  jrielding  (iioylaruln,  oarbtinin  niihprdride.  nud  ainuionU.  In  th«  pr«MDQ« 
of  putref^riog  nniinul  lusltrr  it  opUls  up  mt*»  valeric  add  aod  tuuuunia. 

Louoin  is  amido-capruic  acid,  and  way  be  reprownt«d  tbu« : 


nB£A    AND    ITS    ALLIES 


Preparation. — From  hom  sbavingfi  hy  b<ii1iu(^  with  swlpliuric  ncid, 
noutrnlizing  with  haryln  and  separating  from  lyi*<i?in  by  successive  crrit- 
iHllizutinn.  Sfic  nbn  Knhne/  wbo  prepares  it  by  the  action  of  the  pan- 
creatic ftTUient  (trypf^in)  un  prot«i(ls. 

Sohert^r  UtL*  given  ihp.  following  iMl  for  leucin.  The  luspected  sub- 
&tanc'«  is  evaporated  carvfully  to  dryness  with  nitric  noid  ;  the  n'siduo,  if 
It  i«  leiuiii,  will  be  almost  'inLnfipanMit,  and  turn  yellow  or  bniwn  on  the 
addition  of  cHUstic  aoda.  If  this  be  again  \ery  carefully  concontratcd 
with  the  allkftli  un  uily  drop  \z  obtained,  which  is  quite  cuuraclcristio  of 
this  subfttiinc-e.  Leuuin  if  not  too  impure,  may  be  easily  rucognized  by 
its  subliming,  on  boiug  heated;  a  characteristic  odor  of  atnyUmin  is  at 
the  same  time  evolved. 

Aspara^rine.    C,HgN,0,. 

le  not  found  a$  a  t'onslliuent  of  the  tinimal  body  but  appears  to  be 
formed  by  the  dw!i»nipoiiition  of  proteids,  notably  during  itie  germina- 
tive  change^  of  l)ie  proleid't  in  Icj^uminous  eceds.'  It  is  a  crystalline 
body,  and  when  bulled  with  aeid^  or  allcalies  is  readily  converted  into 
aAfiarlic  acid. 

Aspartlc  i^r  aAj>arat;inie}  aold.     C^U^NO^. 

This  acid  has  been  obtained  in  small  qunntitiisii  among  the  products  of 
the  panoroaiic  dige*tion  of  fibrin*  and  vegelj\Me  glutin,*  aUlitnigh  not 
occurring  as  a  constituent  of  uny  animal  tic^tiue  or  secretion.  It  is  on  the 
other  hand  found  normally  in  plants,  notably  in  beet-sugar  mohuaes.  It 
arisca  also  aa  a  constant  product  of  tlie  actitm  of  alkalies  and  ot)ier  re- 
agents  on  both  vegetable  nnd  animal  proteid^,  and  of  acids  on  gelatine.^ 
It  thus  possesses  coni-identble  interest  in  re^j-ect  of  its  relation  to  the 
proleids.  It  crystalliKe^s  in  rhombic  prisms  which  are  but  sparingly 
soluble  in  cold  water  or  alcohol,  readily  *tdTiblc  in  boiling  wflior.  Its 
Hfid  solutions  are  dexlmmlutory,  its  alkaline  laevorulutury  und  reduce 
Fehling's  fluid.  It  forms  a  cbarocteristic  readily  crystallizablo  com- 
pound with  copper.     Nitrous  acid  conrerta  it  into  malic  acid. 

Glutaminio  acid.    CnH.N'O^ 

The  circumstuiice  and  Conditions  under  which  this  body  occurs  arc  in 
general  ihe  ?ame  as  for  the  aspartic  acid,  and  hence  as  a  product  of  pro- 
tcid  docouinoffition  it  acquires  some  importance.  It  has  not,  however,  as 
yet  been  obtained  by  the  action  of  pancreatic  ferments  on  protoids  and 
in  this  it  ditfers  from  Oie  i>roccding  b'jdy. 

It  orystallixes  in  rhombic  tetrahcdru  or  octahedra  ;  is  not  very  soluble 
in  cold,  but  n*ailily  soluble  in  hot  water ;  insoluble  in  alcohol  and  ether. 
Its  acid  solutions  possess  a  stning  dvxtrorututory  power,  and  it  roducea 
Fehling's  fluid.  .         ' 

Cystin.     O.U.NSO^ 

Is  the  chief  conUilucnt  of  a  mrely  occurring  urinary  calculus  in  men 
and  dog*.  It  may  also  occur  in  renal  concretions,  and  in  gravel,  and  is 
occasionally  found  in  urine. 


k 


■  VlrDbow's  Archlr.  Bd,  ftS,  8.  130. 

>  Laodwlrthsch.  Versuehf  Statinnen..  Dd.  xvHt.  1. 

*  Radiifijawski  u.  Silkowtjki,  Ber.  d.  doutscb.  obeni.  Oesell.  Jahrg.  vti.  [ISH) 
S.  lo.^n. 

*  V.  Knicritia,  Zeitfuh.  f.  Hiol..  Bd.  x\.  (1875)  8.  IWH. 

»  Uorbuiewski,  Bilsb.  d.  k.  Akad.  d.  Wiss.  Wi«a»  VftS.'tt.    1  h.VCi^  i.ftsi^-^i>a^- 
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From  culcuJi  it  if  obtained,  by  extraction  with  aznnioniat  as  cotorieai 
six-sided  tables  or  rfaumbohedriL,  which  are  nentrnl  and  tastoleu.  It  h 
insoluble  in  water,  alcobul,  and  elber,  sulublo  in  ammonia  and  (be  otliar 
alkalies,  and  alM>  in  min^^ral  acidi.  The  fuct  ttiat  this  t>ody  ie  one  of  the 
few  cryilalline  »ubdianc<M,  occurring  physiologically,  which  contain 
sulphur,  renderi  iu  delocLion  very  vmy.  Apnrt  fnmi  tlA  insolubility  in 
water,  etc.,  it  yields  with  eauMiic  [>olasb  and  liiltA  of  either  ^ilver  or  lead, 
a  b:own  coloration  due  to  the  pre&enco  of  the  aulpbidee  of  these  metaU. 

Aooordiog  to  Dewar  and  Uamgee'  cyvtin  U  awido-iulpho-pyniTio  acid,  nod 
it«  formula  t»  C  HgNSO  —pyruvic  li«iog  laeiioscid  oiiDut  Iwo  fttomi  of  hjrdrofMi. 

The  AROUi.T]C  Sirics. 
Benzoic  acid.    HC,H^O,. 

This  is  not  ft-'Und  n*  a  normal  conttttueut  of  the  body,  but  owes  il 
preftcnce  in  urine  to  the  fermentaliTe  decomposition  of  hippuric  Icid. 
whereby  glycin  and  benaoio  acid  are  formod : 

Hippuric  icid.  Glvda.  B^nsule  acid. 

CjH^lC'jUjUiNO,  -t-  H.O  =  CjH^NO,  +  C,«,U,. 

The  tublinied  acid  la  f^enernlly  crystallized  in  fine  needles,  which 
light  and  gliiriieiitn^  ;  any  cdor  they  pOMe&a  is  not  due  to  ihe  Hcid,  but 
an  L>»^ential  oil,  with  which  they  ure  Tuixod.  When  precipitated  from 
ti>tulion,  the  urykiulUne  form  j»  always  iiidiitinct.  Thiiactd  t»  soluble  m 
!^00  jMrlii  culd,  or  '^io  [lart^  of  builinj;  water,  but  ia  eajiily  Aolublu  In  alcohol 
or  ether,  li  »ublinie6  reudilv  at  145°  C. ;  it  aUo  pataee  off  in  the  vaporf 
iiri^ing  from  its  healed  .^olutioii9. 

IWpnration. — Kither  hs  ahove  from  hi|ijpiirtc  acid  by  fermentation,  by 
boiling  the  hippuric  acid  with  acidf  or  uikiilttia,  or  by  uiblimaUoo  from 
guni-ben£oin. 

TyroBln.    C,H,iNOj. 

Oonerally  accompanies  leuoin,  and  is  perhaps  found  normally  in  amall 
quantities  in  the  pancreas  and  spleen.  It  ii  also  usually  obuinttd  in  larga 
quantities  by  the  (Jecotnpositiuu  uf  proteid  matter,  titber  by  putrofaction 
or  the  action  vf  acids. 

The  rcBearebas  of  Radai^vwsk;'  rvndor  it  probablo  that  tyrosla  doaa  aot 
occur  aormaUj  In  mvj  part  of  tbe  baman  organism,  aioept  aa  a  prodact  of 
paDor««tic  digealion. 

All  attempts  to  synthetize  tyh^ain  were  for  some  tim«  fruitloM.  although 
evidence  wai  obtained  sufficient  to  indicate  the  probable  exifctvuoe  in  ita 
molecule  of  some  aromaiiu  (phenyl)  radicle.'  More  recently  the  sya- 
thesis  has  been  performed,*  and  we  now  hate  every  rvason  for  regarding 
tyroffiti  n»  para-hj^droxl-phiMiyl-a  alanine.  This  :«ytithe«is  m  well  at  that 
of  uric  acid,  referred  to  above,  la  of  considerable  im[h>rtanco,  sinc^*  the 
wore  definite  ihe  itnowledge  which  is  po8»e«*ed  of  the  true  molecular 


1  Journ.  of  Anat  and  ph/siol..  Nor.  1970,  p.  14^. 

«  Arehiv.  f,  paih.  Aaal.,  Ud.  5fi,  6.  1.     ZviLioU.  f.  aual.  Cbara.,  Od.  6.  8.  iM. 

•  bartb.,  Cbero.  Centralb.   18(15.     6-  lO'JV.  IttAV.     6.  Tftl,  lBr2,  S.  ft30.     Haff- 
nar.  Ibid.  \H(i*i,  8.  UV.     Boilstoln  u.    Kdhlhorft,  Ibid.  H;2.  S.  8.tt). 

*  Krleiiuic>er  u.  Upp.,    Bar.  d.    d«utieh.   Chsu.  Ucsoll.  Jabrf.  xr.  (IttS) 
B.  IbU. 
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»lructure  of  the  products  of  pmtetd  decorapoeitton  the  more  reason  is 
there  for  expecting  that  the  »ynihciis  of  ii  pn'teid  itself  may  be  realizaljle 
in  ihe  not  very  romi>tft  future. 

Tyrosin  orystttlli/ej*  Id  exceedingly  fine  needlfis  which  nre  usually  col* 
lei'lwl  ititu  fcRthtrry  mnf^ncn.  Tlie  cryKtatji  are  snow-white,  tntfteleu,  and 
odorlea*,  nlniost  insftliibW  in  cold  wnter,  readily  stilubli?  in  hot  WHler, 
acids,  and  nlkullcs,  tnsuluble  in  alcohol  and  ctlie'r.  If  oryBtalHxed  from 
an  alkaline  solution  tyru^iii  oTten  assumes  the  form  of  ro$ette»  composed 
of  Bne  net'dlos  flrrun*;">d  radisti'ly. 

Tyrosin  docs  not  sublime  by  lioatinjf»  but  is  decomposed  wilh  an  odor 
of  phenol  and  nitrobenKul.  On  boilini;  wilh  Millon'^  reagent  it  gives  a 
reaction  almost  identical  with,  but  much  mora  marked  than,  that  for 
protctdti  (Hoflman's  test).  If  tyni^in  is  treated  on  a  watch-glass  with 
one  nr  two  drops  nf  sti^>nj;  sulphuric  acid,  thendilulod  with  h  little  water, 
neutralised  wirh  calcic  carbimate,  »nd  the  solution  dlicred,  n  oharactor- 
Uiic  violet  color  is  obtained  on  the  additiun  of  a  drop  of  acid-fVeo  ferric 
chloride  (I*iria'8  test). 

Prfjyirntion. — Hy  means  'imilfir  tf)  those  employed  for  leucln,  th© 
septirution  of  the  two  depiiidini;  on  ibuir  widely  difl'ering  solubilitlet. 
According  to  Kuhne's  nicthud  *  large  quantUies  are  easily  obtained  as  tha 
result  of  pancreiilie  digestion. 

Hippurio  acid.    C\D,NO,.    Or  Benzoyl-glycin.    Q;a^{C-J{fi)T^O^ 

Is  ftinnd  in  onsidtTiibli'  ^uantitiex  in  the  urine  of  herbir^m,  Rod  also, 
though  to  a  much  smaller  amount,  in  the  urine  of  man.  It  is  formed  in  the 
body  by  the  union  with  dehydration  of  glycin  ond  benzoic  acid,  *ee  p.  521. 

Crystallized  fr<tni  a  solnrHtpd  ariufwitia  i^olution,  it  Resume?  the  form  of 
fine  needles  ;  if  from  u  more  dilute  solution,  white,  femitrunF:parerit  four- 
sided  prisma  are  obtjiined.     Th»'se  when  pure  tire  <>dorU'ii?,  uiih  a  r^^me- 


what  bitter  taste.     Thev  are  soluble  in  GUO  parts  of  cold  water,  readily 

■       .    '     .  .fi 

the  solutions  redden  litmus. 


stdublo  in  boiling  water,  readily  soluble  in  alcohol,  less  so  in  ether.    Al 


Uippuric  acid  i^  monobai*ic,  and  forms  salts  which  are  readily  soluble 
in  water  (except  the  iron  salt«) ;  from  these,  if  in  sufficiently  concen- 
trated solutions,  exLM'tu  pf  hj'drochlurio  acid  precipitates  the  ncid  in  flne 
needles.  When  boated  with  concnntrate<l  mineral  arids  it  is  resolved 
into  benzoic  acid  and  glycin.  The  same  decompoi^ition  occurs  in  prea- 
eiicM  of  putrefying  btKliea.  Strong  nitric  acid  produces  an  odor  of  nitro- 
bcn/,ol. 

i'repitratioH. — ^r-isA  urine  of  horaea  or  cows  is  treated  wilh  milk  (if 
lime,  in  order  to  form  calcic  hippurute,  and  tlius  prevent  the  decoin}:>oi<t- 
tion  of  the  hippuric  acid,  filtered,  and  the  filtrate  evaporated  to  a  small 
bulk;  the  hippuric  acid  i**  then  precipitated  by  adding  an  excess  i>f 
hydrochloric  aeid  ;  the  acid  is  then  puriQed  by  several  crystallizations 
from  boiling  water. 

When  heaiid  in  a  smuU  lube,  hippuric  acid  civctt  n  sublitnale  of  ben- 
Koic  acid  and  amnionic  benzun'i',  HccompHnitid  by  an  odor  like  that  of 
now  hay,  while  oily,  red  droiis  are  observed  in  the  tube.  This  is  very 
characloristic^  and  distinguishes  it  from  benzoic  acid. 

Phenylio  (Carbolic)  add  or  Phennt.     V^UJO. 

This  body  is  undoubtedly  obtained  as  the  result  of  the  putrefactive 
decomposition  of  proteids,  notably  in  putrefactive  pancreatic  digestiotu.' 

1  Op.  elL  (tuh  LsuoIqj. 

'  BaamanDf  ZollMh.  f.  pbysiol.  Cbem.,  BdA.^>%'W\%k.^>^. 
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It  may  be  obtained  fmm  the  distillate  of  such  digestive  mixture.  It  i* 
liUo  found  in  the  contents  of  the  ulimentsry  cnnal  under  ibe  same  cxto- 
diliona  wliiuh  give  rise  lo  indol.  AVlien  au  '»courriuKi  h  p«>rtion  of  ii  may 
be  oblftined  from  the  fece*  while  the  re^t  rf  npprars  in  the  urine.* 

nuliKtnpkj'  nny*  thai  the  urine  of  mnny  aniniBlp,  of  cone  nnd  horfei  aliraja, 
i?ontaiD9  a  (lubst&nee  insoluble  in  nlcohul,  nnd  not  precipitnled  by  lead  iiecuta 
An<l  a.mtnoniit,  which  b^  tb«  action  of  dilute  unnernl  »c\il»  >iivo>  varbolio  aoid. 
The  fame  actd  applied  to  the  budj  extornalljr  or  internally  alio  panea  into  ibv 
urine'  Similarly  benzol  (CfHa)  when  taken  Into  the  alouaoh  appeara  a>  ear* 
bulio  aold  in  the  urine.* 

The  pure  acid  crv'tBllizes  in  long,  co1or1e:ss,  prismatic  needles;  ther 
melt  ut  35°  0.,  and  buil  at  180°  C.  It  in  rradily  soluble  in  alcohol  and 
ctticr,  rli^htly  solubli*  in  water  (1  purt  in  20).  In  mos^t  cv-es  it  ads  lU  a 
weak  acid,  fMriaing  cryelalline  snlls  with  the  alkalies.  With  nitric  acid 
it  yields  picric  acid.     Jt>  pctlutions  reduce  silver  and  mercury  ealte. 

Preparation. — By  the  dry  diBtillation  of  tnllcylic  acid,  also  Trotn  lb« 
acid  products  jf  the  dt)^tilla(ion  of  coal.  It  ik  obtained  in  the  Itkni  por* 
tion«  of  the  distillate  when  preparinE;  indul,  nnd  i^  separated  by  forming 
a  compound  with  bromine,  CgQgBr,0. 

The  Bilb  Sxries. 
Oholalio  (or  eholie)  acid.    H-C^Hj^Oj^^HjO. 

Occurs  in  traces  in  the  small  intestine,  in  larger  quantities  in  the  con- 
tents of  the  large  intestine,  nnd  the  feces  of  men,  co wit,  and  do^^a.  fn 
ictenis,  the  urine  often  contains  traces  of  this  acid.  But  its  principal 
interest  lies  in  'i\%  boing  the  fttiirting-point  for  the  various  bile  aeidii  {nise 
below).  The  pure  acid  may  be  amorphous,  or  crysi*l!ine,  in  the  latter 
case  crj'stalUzing  from  hot  alcoholic  volutinns  in  letraheJra.  These  cryi- 
tah  are  insoluble  in  water  and  ether.  In  the  umurphous  form,  it  i» 
somewhat  soluble  in  water  nnd  ether.  Heated  to  2i¥)°  C.,  it  is  cunverl^d 
into  water  and  dyflypin  (C^H^jOj). 

This  acid  posfe9?e»,  in  tno  anhydrous  condition,  a  specific  rotat*>ry 
power  of  -(-60°  for  the  yellow  light ;  when  it  rryFtallir.os  with  H,0,  th* 
rotation  is  -f  3G^  The  rotatory  power  of  the  nlkHli  i'alt^  is  nlways  lesa 
than  the  above,  and  when  in  solution  in  alcohi<l,  the  rotation  is  inde- 
pendent of  the  concentration.  For  the  nlcoholio  solution  of  the  sodium 
fait,  the  rotation  u  4  81.4°. 

Prrparatwn. — By  the  decompositions  of  bile  acids  by  maans  of  acidSt 
iiikalies,  or  fermentative  changes. 

Bayer'  has  examined  the  bilti  ncid^  obtained  froni  buman  bile,  and  has  pr*- 
pared  from  thorn  cholallo  acid.  To  thi«  he  aff^tgos  the  formula  OiiH  O4.  If 
(hit  be  so,  than  oholnllf^  ucid  of  hunmn  kilo  would  sc«ni  to  ba  a  body  antindy 
different  from  that  obtainfld  from  ux-bile,  nnd  anat^avd  by  6tr«cker.  Bayvr'a 
roialta,  howerer,  require  further  eoDfirniatloa. 

<  K«Ikow»kl,  Bar.  d.  denlaoh.  Chem.  OeMll.,  \x.  (1870)  B.  1595.  Cantralb.  t  d. 
mod.  Wiaii..  l^:rt.  g.  818.  Her.  d,  d«utscb.  Cham.  Gt»ell..  x.>IS77}  6.  S42.  Vir- 
obow's  Arob..  Kd.  Ixxii.  (1878^  S.  40».  Sec  ali^o  Outrall..  f  d.  mod.  WUa.,  I»78, 
Nob.  so,  si,  34,  42,  ami  Zpitsob.  f.  phjatol.  Chrm.,  Bri.  ii.  (Ift7S)  S.  241, 

•  HoppB-Seyler.  Mod.  uhcm.  Unleriuch.  Ilofl  2  (ISftT)  S.  2-11. 

'  AItn*n,  \«»Mj»brb.  d.  Pbarm.,  Bd.  34,  fl.  It  I.  Salkvwakt,  Fflttgvr's  Ar«hlv, 
Bd.T.(l87U72)S.  .W5. 

-  o'^t/.l'^^'')  *n^  Naunyv,  Reiohert  a.  Du  Bois-Boym end's  Arehiv,  1Ae7.  Hatl 

11,  D .  >t40 

*  Zaitsohr.  f,  pbyalol.  C^kam.,  Bd.  Ii.  Clfl7«-7»)  8.  M8, 
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Pefienfcvfrr't  tent.* 

ThU  well-known  test  for  bile  acids  dopendd  on  the  reaction  of  cbolalic 
acid  in  presence  uf  ><ugar  and  :-ulpluirli!  auid.  If  to  h  solution  of  the  acid 
a  little  Bugar  be  nddea,  and  then  sulphtiric  acid,  keeping  the  temperalur© 
below  but  not  much  below  70**  C,  a  bcautirul  rcddish-pnrplo  is  oDtained. 
If  diluted  with  alcohol,  this  solution  ^ives  a  chnnieterisLic  spectrum  with 
two  absorption  bandp,  one  between  D  and  E,  nenrest  to  E,  the  other  close 
to  F  on  the  red  j^ido  of  F. 

The  reaction  is  niucli  impeded  by  the  presence  of  toloring  matters  ; 
moreover,  protoid*.  and  other  bodie*  easily  dei-ompo^ed  by  sulphuriu  acid, 
such  as  ftinyl-alfohtil  and  oUmc  lU'id,  give  a  similar  result;  the  coloring 
matter  produced  from  these  bodies  does  not,  however,  give  the  absorption 
bands  described  above.' 

Glyoooholio  acid.    C„H„NO.. 

This  body  wuft  Hrst  obtained  in  the  crystalline  form  and  described  by 
Gmelin  (1826)^  who  gave  it  the  name  of  **  cholic  "  acid. 

To  avuiJ  canfuflion  it  i»  OAW  b«iit  to  lue  the  irord  "ebolic**  as  a  synonym  for 
"cholalio,"  Demnrcsy,  whg  first  (1838)  described  tho  oboUlio  acid  as  a  product 
of  the  decninpusitiou  of  bita  acids,  faaviDg  gircn  it  the  nama  of  ehoHo  aeid. 
Tb«  name  ohulaliu  is  perhapii  the  beit,  since  it  indicAtes  the  method  by  which 
the  bile  acids  ere  sptit  op,  vis.,  by  trealmeot  with  alkali. 

This  is  the  principul  bilo-acid  of  oz-^all ;  it  is  aUo  present  in  the  bile 
of  man,  but  has  so  far  not  been  olis«rved  in  thatof  camivora.  In  icterus, 
the  urine  may  contain  traces  of  this  acid. 

It  crystallizea  in  fine,  glistening  needles.  These  are  slightly  soluble 
in  cold  water,  readily  so  in  hot  water  and  alcohol,  but  insoluble  In  ether. 
They  possess  a  bitter  and  yet  swe^t  tasin,  and  a  sirnng  acid  reaction. 

The  flalta  of  this  acid  arc  readily  soluble  in  water  and  cryftallize  well. 
Tbesalts,  as  well  hs  the  free  acid,  exert  right-ha:ided  polarizatiim  amount- 
ing to  -1-^'^°  ^**^  'he  acid,  and  -f-26.7°  f\irlhe  sodium  suit,  both  n>ea.sured 
for  }ellow  light. 

Glycocholic  acid  is  a  compound  vT  glycin  and  cholalic  acid ;  thus: 

ChuUllc  via.         Utynin  Olfcocfaollc  u:i>l. 

Proloaged  boiling  with  dilute  mioerul  acids  or  cauutio  alkalies  deoompoies 
glyeucboiifl  acid  into  glycia  and  ubulelio  luiid;  if  di«aa1red  in  ooncentreteu  sul- 
phuric acid  and  then  wurmed,  gljoucbulio  acid  bj  the  removal  of  odo  molecule 
of  water  yields  oholonic  add,  C^llttNOfi.  The  barium  kuU  of  this  last  acid  Is 
Insoluble  in  water,  which  fact  u  or  intporlanQO,  eince  cholonlo  add  possesses 
nearly  the  same  specific  rotatorj  power  as  glycvobulio  acid. 

Preparation. — From  ox-gall,  by  evaporating  to  a  ayrui),  decolorizing 

with  animal  charcoal,  extracting  with  strong  alcohol,  and  precipitating 
by  a  lan;c  excess  of  ether.  Its  t^uparution  from  taurocholic  acid  dci>end«{ 
on  its  precipilalion  by  normal  lead  acetate,  taurocholic  acid  not  neing 
precipitated  by  this  reagent. 


>  PettenkDfer.  Annalen.  d.  Chem.  o.  Pharra.,  6d.  !ti.  (1844)  6.  90. 

^  For  further  iDforuatioD  on  this  aubject  see  Bisehoff,  Zeitsoh.  f.  rat.  Med.,  Ser. 
3,  Dd.  21.  S.  126.  Scbultc,  Aou.  d.  Choio.  u.  Pharm.,  Ixxl.  (184tf)  S.  286. 
Schenk,  Anatum.  ph^stol.  Untarsnoh.  Wien,  1S72,  S.  47.  Adamkiewios, 
FflUger's  Arch.,  Dd.  ix.  (1874)  8.  159, 


888      CHBMIOAL    BASIS    OF    TEE    ANIMAL    BODY. 

Taurocholic  acid.    I'^^^^NSOj 

V^ccura  hIso  in  ux-gull.  but  is  found  e«{iecia1]y  plcnliful  in  hunimi  tile 
«nd  tlmt  of  cttriiivoru,  n*>tub1y  of  ihc  ^ofs. 

It tTy**lHllixftit  wiih  difficiihy  in  very  tine  needle*  which  arc  (>xc«ediug1y 
deliquescent.  When  dried  il  i?  an  auKtrphnus  powder,  with  pure  hiiirr 
Uuto,  ea&ilv  soluble}  in  wnler  and  alcobul,  insoluble  in  ether.  All  iu 
m)t*  are  RDiuhlto  in  water,  and  arf>  pre*  ipiialod  by  haMC  lead  arelate  in  the 
presence  of  free  ainmnnia.  The  fodiiui  *ialt  di^eolvcd  in  ulcohol  ha*  a 
specific  rol:it'>ry  power  of  [t!4.r>°;  if  dUsolved  in  ivaler  this  rotation  U 
les*,  and  in  this  rcApect  it  resf^niblM  plyt'Ocholic  acid. 

This  aoid  ift  far  more  iin^uible  llinn  ibo  preceding  one.  being  decom- 
posed if  boiled  with  water.  The  products  of  deuumpitsition  arc  tuiirin 
and  cholalic  acid. 

Taurocholic  acid  is  a  compound  of  tAtirio  and  cholalic  acid;  thus: 

Clinlulic  »cU\-       Ttttirtn.  Tttiin-fholip  Mid. 

C„H„0,-{-0,H,NO,S-H,0=C„H«NO,S. 

Preparation. — From  the  bile  of  ibigs  by  a  proceed  stmilar  lo  that  Uvr 
glycocfaolic  acid.  It  is  aeparated  from  traces  of  this  latter  and  fmni 
chulalic  acid  by  precipilntion  with  ba^ie  lead  aoclale  and  aininuniaJ 


Bile  Pigments, 
These  have  been  very  brie6y  deccribed  on  p.  8(W. 

Bilirubin.    C„H,,N,0,. 

It  it;  found  chiefly  in  the  fresh  hilc  of  man  and  earnivora,  to  which  it 
gives  the  characteristic  dark  golden-red  color.  It  frequently  conc(ilul«t 
a  consideniblu  part  of  some  kindu  of  g;all-iitonef ;  n"t,  however,  a«  fboe 
bilirubin,  but  ai;  a  comp  'Uijd  with  earthy  matter,  chiefly  chalk;  the  galU 
stones  of  oxen  and  pig^A  often  contain  40  percent,  of  this  cu(up»und.' 
Theee  are,  therefore,  the  best  muteriti)  from  which  to  propurt*  bilirubin. 

Preparation. — The  gall-stonea  are  treated  with  strong  Jiceiic  nr  dklute 
hydrochloric  acid  to  BcpunUe  the  earthy  matter,  and  the  residue  is  thor- 
oughly wii»hed  wilh  WHler  and  wk-ohol  ami  dried.  Krom  ihi^  n>jidtio  the 
pritlnnged  action  of  hot  ihloroform  extracts  iho  hilirubin,  which  mar 
either  be  obtained  in  the  fiuiorphous  t*>rm  by  pn-eipilation  with  alc<ihol 
of  its  solution  in  chloroform,  or  as  wi'll-doflned  crystal*  by  the  flow 
evaporation  of  the  chloroform  !h>luli<n. 

The  most  usual  form  of  the  crvblnU  is  that  of  rhoiublc  prUmi;  thuy 
are  readily  soluble  in  chloroform  and  nlkaline  solulionH  only. 

By  treatment  with  oxidixin^  agentfl,  such  as  nitrous  acid  billnibitt 
takes  up  oxygen  and  becme?  blHvertlin,  the  color  at  the  same  lime 
changing  to  green.  Th<'  po*feil»le  oiidatiun  does  not  end  here,  and  If  con- 
tinued a  series  of  products  are  oblaified,  eiioh  with  a  chamcteri*tio  cjhir, 
as  in  the  well-known  (tmclin*  te*t.*  Of  these,  only  the  Anal  product  of 
the  oxidation  hns  been  obtairicjj  in  a  slate  of  suttieient  purity  to  enable 
any  dcltnite  atatenienlt  to  he  mude  of  ita  characlerisiicA.*  This'U  the  body 
known  as  Chuletelin  (sec  bolow). 

'  Hark«.  Tlihiag.  Me<1..(>hom.  tTaUrs..  Rd.  i.  B.  inO. 

"*  Maly.  SUiib«r.  .1.  Wicn.  Akitil..  WW.  l^OM.  ii.  Ablh.  Kebr.  tilt. 

'  Tiodeinunn  un^l  (tinolin,  I'ie  Vcrrinuung,  l?i3a,  S.  70. 

*   UflyDiiu*  and  Cnmpbnll,  I'tliigur's  Arch.,  Bd.  iv.  [tS7I)  8.  497. 
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Biliverdln.    C„H„N,0. ' 

Tbis  product  of  the  oxidHlioii  uf  bilirubin  givcit  the  clmracteri^tin  color 
to  the  bilti  uf  hertiivuru,  Hitd  to  bilinry  vomits.  It  occurs,  ulso,  probably, 
lit  times  in  the  urine  of  juundico  and  in  the  pigmenltiry  nintier  of  the 
plruientii.     ll  is  not  fuiind,  ^r  occurs  in  Imrea  only,  in  gii1I-9tnne«. 

Freparntion. — An  impure  product  is  obtained  by  precipitating  ordi- 
n&ry  herbivorous  bile  with  biiric  chloride,  wasthine  the  piecipitiile  with 
water  nnd  alcohol  and  decuinoosing  il  with  hydrochloric  »cid.  The 
biliverditi  thus  obinined  is  wanned  with  ether  and  diesoWt^  in  alcohol. 
Prom  it«  sotuliun  in  the  lutler  it  is  ublnined  as  nn  amorphous  ^reen 
powder  by  slow  evapurution.  Pure  biliverdln  is  beat  prepntod  by  ihe 
alow  uxidution  in  the  air  of  bilirubin  dissolved  in  dilute  cauetic  soda. 

It  dc)«8  not  crystallize,  and  is  insoluble  in  ether  or  cblorurnrm  ;  readily 
soluble  in  nlcohol.  When  oxidized  it  gives  the  same  play  uf  colors  us 
does  bilirubin,  with  the  formation  of  the  i^amo  final  and  taiormcdiatc 
products. 

Xeither  this  body  nor  bilirubin  gives  any  characteristic  Bbftoq)tion 
btindj. 

There  seems  now  no  reason  for  doubting  that  the  bile  pigments  are 
derived  ultimately  from  the  eulorinij-nmtlor  uf  the  blood. 

Virchow  has  dcricribed '  the  graiiuat  changoA  ttf  old  blood-clots,  as  of 
cerebral  bemorrh^e,  which  lead  to  the  presence  of  the  so-called  hwma- 
toidln  crystals.  Though  these  have  not  been  obtained  in  sufficient 
quantities  to  enable  their  Goroposition  to  be  Anally  fixed  by  a  chemical 
analysis,'  still  the  identity  of  their  crystalline  form  with  that  of  bilirjbia 
and  the  fact  that  they  both  give  the  same  play  of  colors  when  o:(idized 
OS  in  Omelin's  test,  Jiistify  the  assuoiptiun  that  hicmatoidin  itnd  bilirubin 
are  identical*  Moreover,  the  balance  of  experimental  evidence  distim^tly 
support)  the  view  that  a  li1>eration  from  the  oorpu<tcles  uf  the  coloring- 
matter  of  the  blood  iu  the  bloodvcasels  by  an  injection  of  chlorf>form, 
water,  etc.,  leads  generally  U*  the  a]»)i6araDco  of  bile  pigments  in  the 
urine.*  The  occurrence  of  bilirubin  crystals  in  the  urine  has  frequently 
been  observed  at\or  ihc  operation  of  trnntfusion  of  blond  in  man.  The 
chemical  possibility  of  the  conversion  or  hwmuglubin  into  biliverdin  is 
readily  seen  by  a  comparison  of  the  furmulieor  hiematin  (ve  p.  408}  and 
biliruDin.  The  former  has,  according  to  Hijppe-Seyler."  the  composition 
indicated  by  the  formjla  ^(Cj^Hjj^N jKuOj),  while  lliat  of  bilirubin  is 
CijHjgNjOj.  Although  the  conversion  ha*  n-a  aa  yet  been  directly 
ett'ected,  the  following  facts  are  aigniflcant.  If  bilirubin  ib  treated  with 
sodium  amalgam  the  substance  known  fis  hydrobilirubin  (see  below)  is 
obtained.  If  liicmHtin  i«  dissolved  in  caustic  soda  and  treated  with 
Bodium  nnaalgnm  or  in  hydrochloric  acid  solution  with  zinc  du^t,  a  aub- 
fttatiee  is  obtained  which  is  now  recognized  as  idenLical  with  hydro* 
bilirubin.'  This  is  the  mf»«l  direct  chemical  evidence  of  the  relation  of 
the  coloring-mnttcrs  of  the  blood  and  bile. 


>   Maly,  SiUb.  d.  Wi«a.  Akad.,  Ixx.  (1874)  Ul.  Abtb. 

»  Arch.  f.  pHlh.  Anal.,  Bd.  i,  S.  3S3. 

'  Robin,  Adu.  d.  Ctiem.  u.  Fharm.,  Bd.  oxvi.  S.  89. 

*  But  0e«  also  Trflyer,  Dio  BtiilkrysUlle,  1871,  S.  187. 
»  Tarchanotr,  PaUger's  Aruh.,  Bd.  is.  (1^74)  S.  S:t. 

S.  2(l.S. 

*  IMiysioIogische  Chemio.  1879.8.  SftS. 

1  Uuppa-Beyl«r,  Med.-oheu.  Unlenoeh.,  Hfl.  iv.  1871.  S.  633.  B«r.  d.  deutsob. 
ehem.  i^Mall.,  vii.  (1S74)  S.  1065. 
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OholeteUn.    C„H,gN/),(?).* 

This  t»i]bslitnee  is  obuiiied  as  the  flnal  product  of  the  oxidfttioa  of 
I'ithfir  bilirubin  or  biliverdin.  It  i«  best  prepared  by  acting  upon  bili- 
rubin with  riiiruus  acid  in  the  presonce  of  alcohol ;  loe  variaus  color*  of 
(>melin'»  reitotiun  are  obs«rvecl  and  ibe  tlitul  reddish-yellow  »t.ilution,  if 
(tonred  into  wuL^r,  yields  ft  privipilateof  choletelin.  Il  is  nol  crydlftMine 
and  16  soluble  in  fllcohol^  ether,  und  ebiorororm.  When  froshlv  prepared 
it  {leems  to  give  an  unccrtiiin  nb«urfttioii  band  if  examined  in  an  acid 
8i>liition.  On  ihiR  account  st>mf^  observers^  hove  been  led  to  regard  it  as 
identical  with  hydrobilirubin  (iircbilin).  There  is,  however,  no  doubt 
thai  they  nro  quite  distinct  bodies.* 

Hydrobilirubin.    C,,H„N,0,. 

This  body  was  flrst  described  by  Mnly'  as  reftuUin^  fmm  the  oction  of 
m>diuni  Hmalgam  on  an  alkaline  Koluiion  of  bilirubin.  When  ih«  reac- 
tion IB  complete,  the  soluiion  is  precipitated  with  hydrochloric  acid,  lb© 
precipitate  diK«olvc<l  in  animonin,  again  precipitated  by  »cid,  and  the 
substance  thus  finally  obtuined  is  washed  with  water.  It  \»  readily  nolu- 
bie  in  alcohol,  lefs  bd  in  ether.  Jtt»  alkaline  Kolutionc  are  yellow,  and 
these  lurn  pink  on  the  addition  of  acid.  Both  it4  acid  and  alUnlino 
solvuionf,  the  latter  especially  on  the  addition  of  a  few  drops  of  chloride 
of  zinc,  give  a  characturislic  absorption  band  betwen  b  and  F.^  In 
the  colors  of  its  alkaline  and  acid  aolulinmt  and  the  greeni»h  fluor^ 
escencc  of  ils  ammonlacat  solution  on  the  addition  of  chloride  of  Kinc, 
and  iu  it4  absurpttoii  tpcctmoi  hydrobilirubin  ^hows  its  clo»c  rolntton 
to  urobilin  (see  below),  with  which  indeed  il  is  now  considered  to  bo 
identical.  It  is  also  identical  with  a  bodv  named  i^lcrcobilin*  which  had 
j.reviuusly  been  dwcribed  tu  a  product  ot  th«  alteratinn  of  the  bile  pig- 
ments in  the  alimentary  cannl,  orourring  in  feces.  There  is  no  dilflculty 
in  seeing  how  ihi&  change  (hydrogcnalion)  can  be  brought  about  in  the 
inteslino,  since  it  is  known  that  a  considerable  quantity  of  hydrogen  may 
make  11.1  appearance  by  fermentative  processes  in  the  intestine,  and  m  its 
nascent  state  mi^ht  readily  pn>duce  the  simple  chance  which  is  known 
to  occur  when  bilirubin  is  converted  into  hydrobilirubin. 


P1GUENT8  or  UuMK. 

Our  knowledge  of  thw<*  IkkIips  w  at  present  limited  and  impprfect. 
Mo.«t  probably^  they  are  numerous,  but  only  two  app««r  sufficiently  well 
cbaracterixed  to  deserve  mention  here. 


1  Maly,  Sits.  d.  Wien  Akad..  Bd.  Ivii.  (ISttS)  2  Abtb.  Febr.  uad  Ed. lis.  1869, 
3  Ablhf  April.     Sflo  also  Uexniius  kqiI  Csmpbttl,  loc.  cit. 

^  HeyoBJui  ant)  Csmpbell,  loo.  cit.  Slokvti,  Ceulralb.  f.  d.  mtd.  Wlss,,  No.  H 
(1!*73)S.  211. 

>  Malr,CcDlralb.  r.  d.  m»d.  Wiss.,Ko.  21  (lgr&}S.  331.  LiebarmaDa.  PflBMr^s 
Arch.,  Bd.  il.  (1875)8.  181. 

*  Ceolralb.  f.  d.  ned.  Wlw.,  No.  M.  1871.  Aonal.  d.  Cbem..  Bd.  elxiii,  tUXt) 
8.  77. 

»  Viwordl,  Zeit»cb.  f.  Biol..  Bd.  i«.  (1873)  S.  160. 

<  Vaalnlr  and  MBfiu^  Cnntralb.  (.  d.  med.  Wiss.,  No.  24,  1871. 

T  Vittrordl.  Die  qauiliUliro  SpMtralanalyui,  «io.,  Tiibiogta,  1876,  S.  Bl. 
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tTrobllln.    C„H^N,0,. 


As  sUCvtl  ftbove.  tbU  i»  now  regiirded  «*  identicnl  with  hydrobUinibin. 
;i  waa  iirst  dwcrilw^d  bj^  JnfFS^  m  *  wt*ll-ihKrMrU*ri/.ed  nurHiHl  urinary 
pigmont,  un<i  iU  identity  with  hydrobilimbin  t^ult^oqucntly  determined. • 

Nonniil  urine  cuntmins  only  small  quuntilins  of  urobilin,  but  there  li 
present  fi  Mibitance  (chroinosten)  which  uiidtT  ihc  inHnence  of  »cid^,  wUh 
absorption  of  iixyE;en,  yield*  urobilin.     Tbo   urine  nf  fever  frfiquently 

(ocmlains  ii  cont^iderable  amount  of  RCtiinl  urobilin  as  fiuch. 
The  properties  described  »bnve  for  hydrobilirubin  «re  identical  with 
Ihusa  of  ur'tbilin.     Us  prepHmtion  from  urine  is  somewhat  difflcult,  and 


Uroerjrthrin 


Is  C'>n-'ider»d  V'l  be  the  fubstunce  which  ^\vm  to  the  urine  of  rhou- 
nmtiam  its  oharuoleii^'tic  cob-r.  Very  Httle  i^  krio\%n  of  its  cbemical 
prnpertic*.*  It  appears  to  be  nn  amor|ihi>us  re'ldish  body  with  an  acid 
reactiun,  slowly  soluble  in  water,  alcohol,  and  ether.  When  treated  with 
caustic  alkali  it  turns  ^reen.  Urine  ctintaininc  Ibis  b*>dy  takes  on  a 
ehai'flctcrisiic  reddish-yellow  color  on  the  addition  of  concontmtcd  hydro- 
chhiric  acid, 

Tbadichutn  cnnsttlorf^  that  Dorinal  urine  cuntaino  onl/  one  pigmant,  which  ha 
okIU  uruobrotutvi^  Maly  is  incUned  tu  regard  this  an  the  latue  as  urobilin.' 
More  reuently  ThuUiuhum  bas  upbeld  bii  rormsr  views.' 


Tbk  Indiqo  Sbhiek. 

Indioan.    C,H,NSO,. 

A  body  was  lonj^  ago  described*  as  •K-curring  in  the  urine  and  sweat  of 
men  and  "ther  animals  which  yielde*!  by  the  action  I'f  acids  the  blue 
coloring  matter  indigo  iis  i>ne  of  the  {.ruducts  of  it«  derouipositinn. 
Schunk  considered  this  subslunco  to  Ik<  idonticiil  with  the  indican  known 
to  ocuMir  in  !?everal  plants  (Indii^irera,  Isatis).  Hoppe-Seyler,"  on  the 
other  hand,  having  regard  to  the  greater  eaue  with  which  the  indtcan 
from  plants  underj^ocs  docomp"sition,  regarded]  them  as  most  probably 
diOcrent  substances.  Baumann  hue  shown'"  that  the  two  are  really  dif- 
ferent, and  has  conflrmed  hiscaj-lier  statements  in  a  more  recent  publioA- 
lioD."  According  t«>  him,  the  indioan  obtained  from  urine  is  not  a 
glucoside  (so  aUo  Uoppe-Seyler)  and  yields  sulphuric  acid  by  the  action 
of  hydrochloric  acid.     Ue  iissigns  to  it  the  formula  CgH^N.O.SO^.On, 


■  Ceotralb.  f.  d.  med.  Wiss..  18<1S,  S.  243.  Virohuw's  Arob.,  Bd.  ztvti.  (1809) 
S.  i(J5. 

^  MhIj.  Ann.  d.  Choui.  u.  Pharm.,  Bd.  <^lxiii.  (1873)  8.  77. 

>  Vide  N'eubauer  and  Vogel.     Hnrnnnnlr^e,  ed.  rlli   {IS81)  S.  81. 

*  Keller's  Arcbiv,  f2)  Bd.  iii.  (1854)  S.  301. 
»  Brit.  Med.  JL,  N.  S.,  No.  201,  lUi,  p   SOD. 

•  Maly,  Ann.  d.  Cbem.  u.  Phnrin..  loo.  oit.  1972,  S.  &0. 
f  Jl.  Cbem.  Son..  Ser.  2,  vol.  xiil    (1875)  pp.  X»T,  401. 

H  Schunk,  Fbil  Mng.,  vol.  a.  p.  73;  xiv.  p.  328 ;  xv.  pp.  2U,  1 17,  183.  Cbem. 
Cenlralb.,  165(».  S.  80;  1857.  8.^57:  IS58,  8.  325.  Uoppe  Seyler,  Arch.  f.  pnth. 
Anat..  Bd   xxvii   8.  388.     .faff^-,  PflUger'a  Arab.,  Bd.  iii.  (1870)  S.  449. 

9  HiiDdb.  d.  path,  oheni.  Aniil.  Kd.  iv.  (197 .)  S.  IBL 

"  PaUgor's  Arch.,  Bd.  zlil.  (187(t)  S.  301.  Zeitsch.  f.  pbjsiu).  Cheta.,  Bd.  i. 
(1877-78)  S.  »iO, 

i>  Zeitsebr.  f.  phjiiol.  Cheat.,  Bd.  iii.  (1879)  8.  254. 
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and  regards  it  na  tndoxyUulpburic  acid.  The  acid  iu«lf  U  not  yet  knuwn 
in  tbf  fvpj^  utatr^.  but  it  vic!ld&  stable  salu  suob  Ui  tbat  of  potAuiunif 
CpUjN.SO.K.  U  (K*ciirs  lariiely  in  the  urine  a*  ibe  result  of  tbe  nreavncp 
or  iridol  in  the  aliiiienlur>'  cHiittl.  In  lhi«  vay  BatimanD  nod  HricKer' 
were  en«ble<l  t4i  nbtain  lftrj;e  qimntitios  by  givine  indol  to  a  dog.  For 
it*  prepuration  their  original  ptt|wr  must  he  constiTttM). 

When  trealod  in  ftqueou.i  solution  with  hydrochloric  acid  in  prweoM 
of  oxygen,  it  yields  indigo-bloc 

2C\H,N80,K-fO,=2C(H4NO+2KHSOj. 
It  »  alwttyi>  estimated  in  urine  by  oonversiun  into  indtgo-blue. 

Indigo.    r,n,No. 

It  is  funned,  lu  slated  above,  from  indican,  and  givei  ri^  to  the  bitinh 
color  fa»melini©8  ohwrv^'d  in  ftwent  and  urine. 

It  may,  by  flow  r><miBtion  from  indicnn,  be  obtained  in  flne  cry  stale  ; 
these  are  in»(>luhl«  in  water,  slightly  Muble,  with  u  faint  violet  color,  in 
nicohol  nnd  eth^r.  Chhtroform  al»o  diMolve^  them  t>i  n  slight  extent. 
In<ligi)  ifl  ffoliible  in  ^imng  sulphuric  acid,  fonning  ai  the  :^amo  lime  two 
compounds  with  tbi»i  acid;  Ihene  are  soluble  io  walor.  It  poweasea  a 
pure  blue  color;  when  pressed  with  a  bard  body  a  reddi>h  copper-colored 
mark  is  left,  und  the  crystals  exhibit  the  came  color  if  eeeo  in  rejected 
light. 

The  soluble  compounds  with  sulphuric  acid  give  an  absorption  band  in 
the  spectrum  which  lies  close  to  the  D  line,  and  to  the  r«d  aide  of  it. 
Thin  may  be  u^ed  to  detect  indigo. 

Treated  with  reducing  agents,  indigo  is  decolorized,  being  reduced  to 
indigo-white.  The  lutter  contains  two  atoms  more  hydn^en  than  Indigo. 

lodol.     C,H,N. 

To  this  body  the  specific  t>dor  of  the  feces  it  parllr  due.  It  is  obtained 
ui  the  final  product  of  the  reduction  of  indigo;  and  also  by  the  distilla- 
tion of  proteid  matter  with  caustic  nikaltes.' 

It  oAen  occurs  among  the  pnxlucts  of  the  action  nf  pancreatic  femieDt 
on  proteid*  ;  itj«  presence  in  such  ca«ea  a)ipear»,  howe^iT,  t"  be  due,  not 
U'  too  action  of  the  tr^'p'iin,  hut  to  a  simullamious  pritrefsction  under  tbe 
influence  of  haclcrin,  etf.*  If  the  pancreatic  digestion  he  carried  on  in 
the  pref^nre  of  palinylic  arid,  indol  doen  nut  make  its  appearance.  Indol 
is  a  crystalline  body,  soluble  in  boiling  water,  alcohol,  and  ether.  It 
passes  over  in  the  ^team  when  its  nqueous  "ohillon  is  boiled.  It  itt  char- 
acterized by  the  following  rciictions.  A  ^trip  of  pin^wood  moistened 
with  hydntchbiric  acid  is  colored  bright  crimson  when  dipped  into  a 
solution  of  indol.  It*  alcoholic  solution  tnrnfi  red  when  treated  with 
nitrous  acid,  and  ibt  aqueous  solution  gives  a  copious  red  precipitate  with 
the  sHinc  reagent.  It  also  yields  n  characterislic  rrystalline  compound 
with  picric  acid. 

I  Zeftsflh.  f,  physlifl.  Chetn.,  B<1.  iii.  (tS79)  6.  iH,  6«e  also  Bvr.  d,  deutseli. 
Ch«m.  Qei'fill.,  lif.  (1S7»)  Sd.  lOl^H.  1192.  2100;  and  xiii.  (Ism)]  S.  <0«. 

•  Klihoe,  Bcr.  •!.  dvutocb.  chvin.  0«>al.,  viii,  (inr^l  S.  306. 

■  KUhna,  Verband.  d.  HfliJIb,  naturbiti  nied,  V«r.,  N.  S.  Bd.  i.  lift.  S.  Btrieht 
d.  DsMtJohon  checn.  (fenellfchan.  \f>7i,  8.  200. 
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Skatol.  C,H,N  (?).  Noticed  by  Brieger^  as  one  of  the  products  of 
putrefactive  changes  in  the  small  intestine.  Secretan '  had  previously 
described  a  similar  substance  as  arising  from  the  putrefaction  of  albumin. 

Skatol  is  crystalline  and  contains  nitrogen  ;  it  is  more  soluble  in  water 
than  indol,  and  does  not  give  rise  to  any  red  coloration  with  nitrous  acid. 

SIcatol  readily  passes  into  the  urine  when  it  occurs  in  the  alimentary 
canal,  and  then  gives  a  violet-red  reaction  with  strong  hydrochloric  acid. 

V.  Nencki'  prepares  this  substance  by  the  putrefaction  of  a  mixture 
of  finely  divided  pancreas  and  muscle  substance.  After  the  addition  of 
acetic  acid  the  mass  is  distilled,  when  the  skatol  readily  passes  over. 
From  the  distillate  it  U  precipitated  by  picric  acid,  and  the  precipitate 
when  again  distilled  with  ammonia  gives  off  pure  skatol  which  may  be 
finally  purified  by  crystallization. 

I  Ber  d.  Deotsoh.  ohem.  OeBell..  Jahrg.  x.  (1877)  8.  1027. 
'  Recherohea  lur  putrefaction  d«  ralbamine.     Gen«ra,  1870. 
*  Ceotralb.  f.  d.  med.  Wiss.,  1878,  S.  849. 
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Arteries,  as  factors  in  circulation,          ^H 

^^B          inspitvd  and  expired,  composi- 

149                                                     ■ 

blood  velocily  in,  V^  A^               ^M 

^^^^^^^^^H                                                          ■■  ^-^       *  -^^^^^^^^^^^^^1 

^^^^^90;                                                                                                                                        ^^^1 

^^1            Artoried,  cfa«Dgee  in  calibre  of,  243 

Blind  spot,  filling  up  of,  681              ^^M 

^^K                  rhythmic  puUatioiu  in,  243 

Blood,  3l>-62                                         ^M 

^^m          Arlificiifcl     reiipiraiion,     effecU     on 

an  internal  medium,  85                ^H 

^^H               blond-pressure,  436 
^^M           AftparagiDe,  898a 

causes   of  change  of  color  of,  ^^| 

^M 

^^M           Aiparlic  aeid,  99<'J<) 
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Blood-prefsure,  apparatus  for  inree-   ^H 

^H                           on  food,  305 
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^H            Bile-secrution,  340 
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Cerebro-spinal  Huld,  7'i9                             ^^B 

^^r           velocity  nf  fluw  in,  1*66 

Chemical  ba^is  of  the  nniiiial  body,          ^^B 

f            CKpillary  walls,  action  of,  268 

88da                                                 H 

"             Ciipric  acid,  8fi6« 

changes  io  muscle,  98                         ^^B 

Capruic  acid,  865a 

Chest-movements  influence  on  Unw          ^^M 

Caprylic  acid,  865a 

of  blood   to    and   from    the         ^^| 

Carbohydrate  fond,  a  source  of  fut, 

heart,  432                                         ^M 

551 

influence  on  flow  of  blood  from         ^^M 

effects  of,  533 
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Carbohydrates,  8ri9a 

Chest  voice.  778                                         ^H 

Carbolic  acid,  886fi 

Obevne-Stokes  respiration,  429                 ^^B 

Carbonic  neid  in  the  blood,  4(W 

Chitin,858a                                               ^M 

exit  from  blood,  412 
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tension    of,    in   blood   and 

Cholotiterin.  871a                                          ^H 

lungs,  413 

in  red  oorpusclca,  64                           ^^B 

oxide  hemoglobin,  407 

Clixleteliu.  890a                                         ^H 

poisoninjj;,     artiflcial     dia- 

Chnlic flcid,  886a                                          ^H 

betes  in,  501 

Chalin,873a                                                  ^H 

Cardiac  eTants,  durution  of,  19I>,  201 

Chondrin,  855a                                              ^^M 

general  cbaracters  of,  192 
impulse,  183 

Chordn  fftlivft  and  sympathetic  sa-         ^H 

321                                           ^H 

inhibition, effect  on  circulation. 

tympani.  action    of,    on    sub-         ^^| 

240 
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muscles,  185,  175 

Choroidal  opiihelium,  behavior  to-         ^^M 

characteristics  of,  225 
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Cardiograph.  184,  192 
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Cardingraphic  tracings,  193* 
Curdio-infiibitory  centre,  235 
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entrance  of,  into  Ucloals,  864            ^^B 

Carnin,  881 « 

movements  of,  365                       ^^^^H 

Casein,  characters  of,  842a 

Chyme,  formation  of,  354                   ^^^^H 

Central  sense-organ,  570 
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Cerebolluiu,  functions  of,  764 

Circulating  proteids,  531                           ^^B 

Cerebral   convolutions,   activity  of, 

Circulation,  changes  in,  at  birth,  816         ^^M 

modified  by  gentle  stim- 
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uli.  748 
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^^^^^V 
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^^^^^B                  of  stimulation  of,  their 
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^B                 f/BU].81S 
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^^H                 bydrnulic  principles  of,  109 

motor  and  ^vn^vry,  A66  ^^^^^M 
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Cystin,  8H3a                                      ^^^H 
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1                  Colorblindness,  624 
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^^m                 HnAationi,  617 
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^^^V 
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nomenclature  of,  til  7 
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and  nerve,  100 
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Coortli  natod  moTomenU,  mechanism 
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Coordination  of  visual  movement*. 
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Cerebral  convolutions  of  the  dof ,      ^H 

I Corpora  quadrigomtna,  functions  of, 
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Btagniius: 
Corrwpouding  p<^Mnts,  634 
Curves  i1lu<itrating  the  mensurc- 

roenl  of  the  veliKiity  or  a  nerv- 
ous iDipulse,  7fi 
Curves  of  btmnl  nnd  tntrathttracic 

pressure,  480 
Dicrotic   mil«e-curve  due  to  los* 

of  blood,  218 
Uierotism  in  nidiiil  pulw  of  mnn,  i 

'Mi 
Effect  on  blood-pressure  of  stituti>  i 

latinf!   Ihe  deprc«8or   norve   in 

the  rabbit.  242 
Electric   currents  uf    nerve    and 

muscle,  89 
Electrotonic  currents,  112 
Formation    of   Piirkinje's   figures 

from  illuminatiun  through  thc> 

scleroUc,  006 
Gastric  gland  of  mammal,  '^H4 
GoUz     and     Gaule's     maximum 

manometer,  198 
Influence  of  cardiac  Inhibilion  on 

blood-preaaure,  i!41  i 

Influence  of  changes  in  the  press- 
ure applied  to  the  exterior  of 

the  vessel  on  the  furm  of  ttit 

curve,  216 
Influence  of  food  on  the  secretion 

of  pancreatic  juice,  325 
Influence   of   respiration    on    the 

form  of  the  puUe-wave,  4S1 
Inhibition    of    frog's    hosrt    by 

stimulation  of  the  vngus,  281 
Judgment  of  solidity,  B43 
Large  kymograph  with  continu- 
ous roll  of  paper,  161 
Larynx  as  &een  by  the  laryngo- 

scu|>e  in  difl'erenl  condition)*  of 

the  glottis,  775 
Last  cervical  and   first   thoracic 

ganglia  in  the  dog,  238 
Last  cervical   and   fir»t   thoracic 

ganglia  in  the  rabbit,  2-S7 
Lud  wig's  mercurial  gns-pump,  396 
Ludwig's  stromuhr,  165 
Magnetic  interruptnr,  81 
Harey't>    tambour,    with    cardiac 

sound, 186 
Movements  and  sounds    of   the 

heart  during  a  cardinc  period, 

202 
Muscle-curve  obtained  by  means 

of  the  pendulum  myograph,  72 
Muicle-nerve  preparnlion,  101 


Diagrams: 

JIu'cl**  thrown  into  t*^tnnu>',  79 

Muscular  tibre  undergoing  con- 
Iniciion,  8''> 

Nerve*  governing  the  pupil,  696 

Non-polarir.able  electritdes,  87 

Normal  heart  curve,  104 

Normal  pulse-curve  from  carotid 
of  rabbit,  217 

Normal  pulse-wave  in  aorta  of 
frog,  214 

Normal  spleen-curve  from  dug, 
513 

Pancreas  of  ihe  rabbit,  827 

Perfusion  canula  tied  into  frog's 
ventricle ;  Kor's  ap]iaralU8 
modified  by  Gas'kcll,  224 

Piilse>curve  from  nidial  of  man, 
213 

PuUe-curves,  209 

PuUe-tracing  from  carotid  artery 
of  healthy  man,  213 

Pulse-tracigg  from  the  dorsal 
pedis,  216 

Relative  sectional  areas  of  the 
spinal  nerves,  as  tbey  join  the 
ppinal  cord,  703 

Renal  oncometer,  476 

Hise  of  blood-pressure  from  stinm* 
lation  of  nostril  with  smoke, 
262 

Scheiner's  experiment,  68C 

Section  of  a  "  mucous  "  ^land,  ft29 

Section  of  h  serous  gland,  the  pa- 
rotid of  the  rabbit,  335 

Semi-diagrammaticsectional  view 
of  oncoffraph,  477 

Side  view  of  brain  of  man,  with 
areas  of  cerebral  convolutions, 
Kerrier,  741 

Simplest  forms  of  a  nervous  sys- 
tem, 1S7 

Simultaneous  tracin^»  from  the 
interior  of  the  right  auricle, 
from  the  interior  of  the  right 
ventricle,  and  of  the  cardiac 
impulse  in  the  horse,  185 

Spectra  of  oxyhaemnglobin,  402 

Submaxillary  gland  of  the  dog 
with  its  nerves  and  bloodvesseli, 
317 

The  Horopter,  640 

The  mii^cle-nene  preparation 
with  clamp,  ek'ctr«tdc^,  ctc.»  71 

The  pendulum  iiiyoL;raph,  73 

The  same  through  th**  c*ot\\«a.^'^*S^ 
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ninf^ninis  : 
ThomoJc    respiratory  mnvcmenU 
by  Marey'fipneumalogrftph.382 
Three   primary   color  sensntions, 

1)23 
Tracing  from  radial  of  roan,  22U 
Tracing  of  a  double  muscle-cur  re, 

78 
TtAcing  of  Hrt^riiil  prcaaiirc  with 

a  mercury  manometer,  IflO 
Trftcinir  produced  with  the  ordi- 
nary mognoiio  inlcrruptor  of  an 
induction  machine,  80 
Traube-ilering  curves,  438 
Unitedsectional  areas  of  the  »pinal 
nerves,  proceeding  from  below 
upwardi,  70S 
Upper  view  of  the  same,  Ferricr, 

742 
Vagujt  stimulation,  242 
Variationa  in  the  seotionnl   area 
of  the  gray  matter  of  the  spinal 
cord,  703 
Variations  in  the  jtectional  area  of 
ibo  lateral,  anterior,  and  poste- 
rior columns  uf  the  cpinal  c<.ird, 
707 
Variations  of  irritabiUty  during 
electrotoniis,  HO 
Diaphragm,  action  of,  in  inapi ration, 

385 
Dicrotic  pube,  212-218 
Diet,  the  normal,  524 

general  features  of  proteid,  '552 
Dietetics.  051 

Digestiun,  absorption  of  the  produuts 
of.  862 
circumstances  affecting  gastric, 

295 
course    taken    by    the   several 

products  of,  30*8 
decomposition   of  proteids   by, 

862a 
tiiuticular  mechanisms  of,  842 
tissues  and  mechani^ims  of,  275 
Digestive  juices,  properties  of  the, 

279 
Dilatation,  effect  of  local  vascular, 

26S 
Dioptric  apparatus,  imperfecUoDS  in 
the,  fiflfl 
mGchaniimfi,  582 
Distance    and    size,  judgment    of, 

641 
Distribution  of  blood  in  the  body, 
62 


Diurnal  changes  in  the  body,  SSI 

Dyspeptone,  861a 
DyppncpH,  426 

Ij^AR,  orj^an  of  Corti,  662 
J        btt'^lliir  membrane  of  the, 
B^g-nlbumin,  cliaracters  of  and  pre* 

pnratiun,  838fl 
ElM>tin,  Sr>8a 

Klectric  currents  in  retina,  612 
£leotrieai      phenomena     attending 

nnrrouA  inipiil^,  lOS 
Electrode*,  non-polarizable,  87* 
Eleclrotonic  currents,  111* 
Electrotonus,  107 

vnriatioDB  of  irritability  during. 

no* 

Embryo,  nutrition  of,  810 

respiration  of,  810 
Emetics,  action  of,  852 
Emmetropic  eye,  its  features,   588, 

51)9 
Enducardiac  events,  184 

pre^iBUre,  amount  of,  107 
tracings,  Cbaveau  and  Marer, 

18o* 
expenditure  of,  537 

how  determined,  538 
income  of,  536 

how  determined.  5Sti 
Energy,  muscular  and  nervous,  128 
muscular,  not  due  to   pcoteids 

alone,  538 
sources  of  mufoular,  538 
Entotic  phenomena,  002 
Equilibrium,  nitrogenous,  520 
&en^e  of,  how  gained,  729 
Erect  poii>ture,  maintenance  of,  784 
Elbylene-Iactic  ncid,  ftfi9rt 
Etbylidcne-lactic  acid,  869a 
Eupntva,  426 

Eustachian  tube,  usm  of,  650 
Expiration,  movementaof,  S89 

labored,  890 
Expired  air,  competition  of,  892 
Explosive  coDaooants,  774.  782,  783 
Extractives  in  milk,  508 
in  muscle,  100 
in  serum,  49 
Eye,  the,  as  a  dioptric  apparatus,  582 
power  of  accoinmodatioD  poa- 

Bosaed  by  the,  584 
protective  mechanisms  of  the, 

046 
the  diagrammatic,  588 
values  of,  583 
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1           K3'ebnlU,  in<p\'einenta  of,  685 

intlueDco  of,  on    deposition   of        ^H 

nnipclea  of,  ibeir  action,  63W 
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rotftlion  uf,  €35 

Forced  movements,  735                      ^^^^1 
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TACIALnprve,  Tfifi 

r         and  Uryngpul  reapimlion,  300 

"  Frog,  the  rheoscopic/'  92                        ^H 

Kunciional  activity,  inflnenco  of,  on          ^H 

KnHopiau  lube,  deicent  of  ovum  into 

irritability  uf  nerve  and  muscle,         ^H 

ihe,  797 
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Fiilt«llo  Voice,  778 

^H 

Kttt,  depnsiiion  in  adipoau  tit^ue,  564 

^1 

formed  from  carbohvdnile  food, 

pANGLI  A,  action  of  sporadic,  146  ^t 
\J        oorvicalandlhorui'icin  rabbit           ^M 

565 

formed  from  proleid  food,  505 

and  doe,  236**  ^^H 
Gaiios  in  stomach,  S56                           ^^H 

Fata  in  senira,  49 

absorption  of,  from  alimontnry 

of  blood,  394                                   ^^H 

canal,  308 

poisonous,  446                                  ^^^^ 

aotiun  of  bile  on,  305 

Gasln'c  digestion,  circumstances  uf-          ^M 

of  gastric  juice  on»  291 

footing.  295                               ^1 

uf  portcreuvic  juice  uu,  310 

condition^'  atlVcling,  355               ^M 

complex  nitrogenous,  871a 
emulsifictttion  of,  in  small  intes- 

durutiun of,  365                              ^M 

of  proteids,  nature  of,  293,          ^M 

tine,  357 

290                                          ^^M 

in  milk,  508 

fl^tulii,  formation  of,  290               ^^^^| 

the  neutral,  8G6a 

gland  of  mammal,  833*^                 ^^^H 

their  derivatives  and  allies,  803ei 

glands,  hittologicalchangesdur-    ^^^H 

Fatty  focd,  cfTecUof,  633 

ing  activity,  332                                ^H 

Feces,  characters  of,  301 

juice,  ucidity  of,  291                             ^H 

Feeling  and  touch,  676 

action  of,  on  proteids,  292            ^M 

Ferment  of  pancreatic  juico,  307 

on  starch  and  faU,  291           ^1 

in  fresh  pancreas,  381 

on  milk,  297                         ^M 

Formente,  42,  286 

formation  of  acid  of,  839             ^H 

Fibrin,  chnracters  of,  87, 38,  39,  847« 

nattire  <}i\  290                                 H 

factors,  origin  from  corpuscles 

nervous  mcchaniam  of  se-          ^M 

of  blood.  47 

cretinn  of.  322                             M 

ferment,  42 

preparation  of  artificial,  292          ^H 

Fibrinop:en,  40,  844n 
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Field  of  touch,  683 
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Fields  of  vision,  struggle  of  the  two, 
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644 
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1           Fcetus,  characters  of  blood  of,  810 

Glands,  gastric,  832,  833,  334«          ^^H 

circuiHlion  of,  813 
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secretory  functloni*  of,  818 
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Food,  action  of  bile  on,  805 
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i                           of  pancreatic  juice  on,  S06 
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^^^V  Glycin,  a05,  881a 
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sounds  and  movement*  during    ^H 
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StanniuB's  experiment  on  be«t    ^H 
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^H           Glutaminic  acid,  8f^a 

Heart's  beat,  effecls  on  the  circula-           ^ 

^^M           Golu  and  Guulv's  mtixinium  mHiio- 

tiim  of  charities  in  thc,240           J 

^H               meUT,  198> 

relation  «f  blood- presau re    ^h 

^^H           Grape-sugar,  85Du 

^M 

^^K          Growth,  arrest,  nnd  decline  of,  820 

variations  in.  206                    ^H 

^^H          Gnitisner'ft    nictliud    of    measuring 

wliat  affected  by.  272               ^H 

^^H               peptic  tK>wcr»,  'JXH* 
^H          Guanin.  681a 

U«*at  and  cold,  letlial  effects  of,  647    ^H 

of  the  body,  channels  of.loae  of,    ^H 

^H           Guttural  coiuonnoU,  781,  788 

642                                        H 

^^B 

muscles,  chief Aouroc of, 689    ^H 

^B          ir^MADKOMOMETER    of 
^H           11     Volkmnnn,  103 

sources  and  distribution  of,    _^H 

039                                 ^^H 

^H           Hirrnaiftclinmeler  of  Vierordt,  ICii 

Hemi-albumose,  8S]a                   ^^^^H 

^H           Huimntinf  407 

Hemi- peptone,  851a                       ^^^^^H 

^H                  reduction  of,  407 

nt*mi-pri'teiD,  Sola                                 ^^H 

^^m           Hwrnaioidin,  59 

Herin((,  theory  of  color  Tisioo*  621      ^H 

^H          fiKinoglobin,  in  the  cornusclw,  54, 

Hiccough,  448                                        ^H 

^1                     898 

Uippuric  acid,  88'ta                                 ^^M 

^^H                  reduced,  spectrum  of,  402 

how  formed  in  body,  521       ^H 

^H                 reduction  of,  403 

Horopter,  the,  G40*                                ^H 

^H                  spectm  of,  400< 

Hydraulic  principles  of  the  ciPCtkU-    ^^M 

^H           Hearing,  6S5 

160                                                 ^^M 

^H                  power  of  distinguishing  notes, 

Hydrobilirubin,  890a                               ^^M 

^M                       t)C4 

H  vperiotbesia  after  section  of  sf>iik«l    ^^M 

^^^           Heart,  accelerator  nerve*  of,  23fi 

cord,  710                                                ^H 

^H                  agenU,  modifying  beat  of,  23H 

Hrpermetropic  eye,  ill  featuiw,  588,    ^H 

^^H                  tu  a  ftictor  in  circulation,  149 

o99                                                          ^M 

^^m                chanre  of  form  during  »TitoIe, 

Hyperpn(Bft,  42Q                                    ^^| 
Hvp«>gloseal  norve,  770                        ^^H 

^^H                 oltaracteristicj  of  cardiac  nius- 

Hrpoxanthin,  88O11                        ^^^H 

^H                              2-2o 

^^^^^H 

^^H                 effect  of  atropin  on,  2S2 

IDENTICAL  pcanU,  654           ^^^ 
1     Imago,  firmation  of  the  retina). 

^^H                         of  muscarin  on,  233 

^^H                         of  piloc&rpin  on,  238 

^^1                         of  urari  on,  232 

Impregnation  of  ovum,  801 

^^1                  first  sound,  190 

1  ncome  and  output,dcductic>>Ra  fnna. 

^^B                inhibition  o{  lV\e  b(^V  of, 280 

527 

^^1                tiieaos  of    rccordinf^   \mi\.    ol^ 

y               meLhud  of  delerwinin^,  |iS6 

^■^         228 

'  \^^\CKb^^\a                                          ^^^^J 
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Indigo  MiiM,  69U 
Indol,  810,  892a 

Induction  machine,  (18,  81* 

IiidAinmalioii,  267 

Inhibition,  gencml  auture  of,  Hii 

of  the  heart's  hmit,  230 
Inogen,  58 
Inosit,  SGIa 

Insensible  perspiration,  459 
Inspirutiun.  action  of  ribs  in,  ^> 
uf  diaphragm  in,  385 
labored,  musclea  employed  in, 

389 
movements  of,  385 
Inspired  air,  rompofiition  of,  392 
Intestine,  action  of  bile  in,  300 
baclQria  in,  360 
largo,  chunges  in,  860 

imiveinentB  of,  fi50 
small,  abfiorplion  from,  351* 
uban^ea  of  food  in,  356 
cmuliiflcationof  fats  in, 357 
movementfl  of,  347 
Intramolecular  oxygen,  414 
Irradiation  iu  vision,  C30 
Irritability,  independent  muscular, 
68 
muscular  and  nervous,  6G,  120 
Isopepfiin,  B60a 

KATACROTIC  pulse.  213 
Kntelectro  tonus,  1U9 

Konitin,  867« 
Kidneys,  curve,  477 

double  character  of  function  of, 

474 
hovf  brought  about,  478 
secretion  by  th«,  470 
variationa  in  volume  of,  duo  to 
variations  in  blood- 
supply,  476 
bow   tiieftdiired,  onco- 
meter     and     onco- 
gniph,  475 
Kr«Htin,  878a 

its  relation  to  urea,  616 
Kreatinin,  871>a 
Kymograph,  with  pontintious  roll 

of  paper,  161* 
Kynurenic  acid,  881a 

TABIAL  consonant*,  781,  7B3 
J     LtiCleuU,  entrance  of  the  ebylt^ 
into  the,  364 
Lactic  acid,  868a 
Lactose,  HOOfi 


I^ardacein,  or  the  so-called  amyloid 

substance,  852a 
Larvngeal    and   facial   respimlion, 

:I90 
Larynx,  action  of  muscles  of,  776 
as    i>(}en    bv   the  larvngosooM, 

775* 
ncrvca  of,  777 
Latent  period,  75 
Laughing,  44H 
Lnuru»teuricacid,  860a 
Lecithin,  871a 

in  red  corpuscles,  54 
Leucin,  8S2a 

and  tyrosin,  products  of  pan- 
creatic digestion,  809 
origin  of  urea  from,  619 
Liver,  a    storehouse    of   glycogen, 

490 
Living  bloodvessels,  blood  fluid  in, 

44 
Local  constrioLioD,  263 

dilation,  263 
Localization  of  pressure  sensation*, 

682 
Locomotor    ataxy    and     muscular 
sense,  684 
mechanisms,  784 
Ludwig's  mercurial  gas  pump,  396* 

stromuhr,  166 
Lungs,  condition  of  fmtnl,  816 

of  new-born   infant,  condition 

of,  816 
pref^Bure  exerted  by  elasticity  of, 

880 
rpspimtory  chonges  in  the,  410 
S'l'lf-reijulhtiiig  action  of,  419 
Lymphatics,  ;J62 
Lymph'hcarts,  367 

influence  of  nervous  system  on 

movements  of,  866 
movements  of,  36n 

MAGNETIC  interruptor,  81* 
Maltoae.  283,  ft60rt 
Mammary  gitind,  007 

fumialion  of  luilk  in,  509 
Manometer    for    arterial    proasurc, 
157,  162 
maximum,  198* 
Marey's  tambour,  186* 
Mastication,  342 
Mechanisms  of  digestion,  270 

of  respiration,  87o 
Medulla  oblony^atA,  t^xvi*^<^«v^**A^'^'*» 
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^^^^^^^^^^^^^^^H 

^^..^^         -"^^^H 

1             904                                                                                      ^^H 

^B         M«nt»nMift  t«ctoria,  utei  «l^  MS 

Mtucte,   fh«Biiail  tkam^m  during  ^^M 

^^H                               tV'r^ri'      'o^S  of,   &5T 

O0lltr*i>f  inn     ^tA                                            ^^^M 

^M      um'' 

V,  732 

7 

elastic  M                                        ^^^^H 

^^^Meiut 

^^^^KjIcrcuriKi  gu  [mmp,  3^5* 

electric  curretit*  of,  87*          ^^^^H 

^^^^VMeUbolic  nheuotiicna  of  th«  bodr. 

energj  r>f.  Vi^                        ^^^^1 

^^^              492 

extrm'-i  '                                       ^^^^B 

^H                  tSttaaf ,  492 

iofluei:                   -*upplj  on  ir-    ^^| 

ni^-.r.u:   ..f.  124                       ^ 

^^1                  of  the  bcKlr,  Incrvnaed  by  cold, 

of    functional   activity   on 

H 

irriiJibiHty  of,  126 

^^1                  |irjieid,  exAci  nature  of,  580 

of  teaipemture  on    irrita- 

^^^^ 3IeU('«plon«,  851 

bility  of,  128 

^^^^LMictu'titnn, 

glycogen  in,  498 

^^^^f  Uiirnitin^  relU,  l!M 

neutral  nr  alkaline  reaction  of 

^^^^^  Milk.  acUuD  of  gutric^uioe  on,297 
^^M                          tit  rennet  nn,  297 

living,  9i;                                       ^H 

prnpertiei  <if  unstriated,  131          ^^M 

^^H                  oon»titii«nU  of,  508 

relaxation  after  contruction,  86    ^H 

^^K                formution  in  mitnimBry  gUnd, 

ibennal  cbangai  in  during  ood-    ^H 

^H                 r.00 

traction,  101                                ^H 

^^H                 influence  of  netted  on  Nxretiun 

thrown  in^J  tetanus,  78*,  79          ^^M 

^^H                      ond  ejection  nf,  510 

value  of,  as  a  machine,  depend-    ^^M 

^H          MiU-«ugar,  608,  800<i 

ent  on  the  load;  furlherdeter-           i 

^^m           Morphia   pri>ducinf^   irritabilitj  of 
^^H              cerelrul  c<*iivotiitiun9,  74ti 

mined  by  the  &ize  and  form     J 

ofthemuicle.  118,  119              ^m 

^^H           Motor  nnd»en9ory  nvrvet.difTcrenccfi 

work  done  by,  120                           ^^M 

^H                                       between,  nu 

MuAclc-current4,'K7                                 ^^M 

^^H                                  union  of,  569 

nt.'gative  variation  of,  91                ^H 

^^H                 crvnin)  nerves,  T,i'S 

Mu3cle-curve,  72*,  70.  78«,  79,  80       ^H 

^^H                  n«rve>.  beliAvior  lowArdu  stiin- 

Muscle-nerve  preparation,  71**              ^^M 

^^m                    nli  different  fmni  thuiof  sen- 

as  a  machine^  118     ^^^^| 

^^M                    fory  n«rve«,  o08 

MuAcle-ptasma,  94                           ^^^^H 

^^B          Muvvmenti  and  sounds  or  the  heart, 

Mu6cle«,  cardiac,  I3&,  175             iP^^I 

^^H                     during  a  cardiac  [>erlod,  302* 

cbaraotori sties  of  cardiac,  IflT^^B 

^^H                  of  cbext,  their  influence  on  the 

2S'>                                                  ^H 

^^^^^H                       flow  of  blood  to  and  fronn 

chief  source  of  heat  of  body,    ^^| 

^^^H                    the  heart,  429 

539                                                  ^M 

^^^^^*^                influence  on  flow  of  btond 

employed  in  injiptration.  387        ^^H 

^^V                             through  the  lung*.  420 

of  the  eyeball,  ^36*.  438                ^H 

^H                  of  the  brain,  7^ 

of  the  larynx,  771,  774                  ^^M 

^H           Mucigvn,82*J 

■kttletnl,  64                                     ^H 

^H           Mucin,  Bor>a 

use  of  glveo)i;en  in  fotal,  812       ^^M 

^H           MucoiiA  glands,  character!  of,  328 

weight  of,  821                                ^H 

^H                  gland  in  a  utate  of  reit  and  av- 

MuvcuUr  action,  nature  of,  128           ^^M 

^H                       tivily,  32'.f* 

contraction  as  affected  by  nature 

^H           MiiM'artn,  c^flwl  of,  on  heart,  23:t 

of  stimulus,  111' 

^^1           Sluitilo  and  nerve,  phenomena  of, 

compared    with     ameboid 

^H           m 

movement,  63 

^^K          Muftiilo,  iibiMiliUo  power  of,  120 

phenomena  of  a  simple,  68    ^^ 

^^H                  acid  ruuction  of  dtjad,  1*(t 

energy,  638                                        ^H 

^^M                action  of  conittanl  ctirront  upon, 

^m             106 

^^H                ohange  In  form  during  conLnic- 

flbre   undergoing    contraction,    ^^H 
irritability,  C6                                  ^^M 

^H                            ttun.  B.1 

mechiiniHQjs  of  digt«tion,  843       ^^H 

^^1                      in     oiicroMjopk    fclTwcVvwt 

Bpocinl.                                       ^^M 

^^^^^^H          during  cunirKClUm^M 

MWk^>.\l.%^<(^                                          ^^M 

^^^■^^^^^^^H 

^H 

■^       i 

,^—  -^^i^^^^^i 

^^^K                                                                                         ^M 

Musicttl  sounds,  Analysis  of,  660 

Nervuiu  irritability,  66                             ^^M 

Mvo[.ic  eye,  iu  feiiturM,  687,  61>y 

mechanisti),  nature  and  Mmt  of       ^^H 

Myosin,  94,  84 Od 

coordinating,  732                   ^^M 

Myrislic  acid,  Stioa 

of  heart  beat.  226                       ^H 

uf  penpiration.  462                     ^H 
of  respiration,  410                       ^^M 

VJEGATIVE  variation  of  the  mue- 
'              ll                cJe-current,  91 

of  secretion  of  bile,  324             ^H 

of  lliB  nervu-turrent,  103 

of  gastric  juice,  .122             ^H 

«               Nerve  and  muscle,  influonctuif  bWd 

system,  aimplest  form  of,  137*          ^^M 

supply  un  Irritability 
^                                 uf.  hi 

in^uence  on  nutrition,  548        ^H 

tissues,  fundamental  properties        ^H 

^^L                            of  functional   acUvity 

137                                             ■ 

W^f                               upun,  120 

Neurin,  873a                                             ^H 

P                             phenomeua  uf,  66 

New-born  infant,  circulation  of,  816         ^^M 

L               Nerve,  acUun  of  constant  current 

composition  of,  821                       ^^| 

^^m                  upon,  106 

function  of,  822                         ^H 

^^H              cliuiiges   caused    by    severauce 

gn^'Wlh  of,  821                              ^H 

^^^^^^.                 from  cintral  nerrotu  s^a- 

metabolism  of,  822                      ^H 

^^^^K                tern 

phyj^ical  cbaraclors  of,  824         ^H 

^^^^^^1              during    the    passage    of   a 

re«>piration  uf,  816                        ^^M 

^                        nervous  impulse,  103 

Nitrate  of  urea,  874a                                  ^^M 

^H              electric  ctirrent  of,  88* 

Nitrogen  in  the  blood,  410                      ^H 

^H              energy  of,  128 

Nitrogenous  equilibrium,  522                  ^^M 

^^P              influence  of  rest  on,  128 

fats,  87  In                                              ^H 

of  temperature  on  irritabil- 

melubnliflm, 520                                     ^H 

ity  of,  123 
Nerves,  accelerator,  2ac 

tuLHaboliics,  873a                                 ^H 

nun-cry^t«lline  bodies  allied  to        ^^M 

circumBlances  dolermining  irri- 

proleids.  Bo-xt                                 ^H 

^                  lability  of,  120 

Non-polari liable  electrodes,  87*               ^^M 

^B             cranial,  500,  700 

Nucloin,  Ro8<i                                              ^^H 

^B             differencBi  between  motor  and 

Nutrition,  275                                          ^H 

P                          Berisory,  I3» 

1                      fibres,  dcgeneralton    of,   after 

influence  of  the  nervous  system       ^^M 

on,  648                                              ^H 

section,  027 

statiHticd  of,  622                                ^H 

governing  the  pupil  of  the  eye, 

^^M 

594 

ACDLAR  spectra,  6»2                            ^H 
\J     Ocuhvmotor  nerve,  761                      ^^| 

sensory,  562 

fpinal,  .ViS 

CEsophagus,  movements  of,  345               ^^H 

their  influence  on  secretion  and 

Old  age,  characteristics  of.  827                ^H 

ejeetinn  of  milk,  490 

Oleic  acid  series,  866a                                ^H 

on  the  spleen,  514 

Olein,807a                                                   ^M 

ln>phic,  .>48 

Olfactory  nerve,  760                                ^H 

^^m               vaso-constriclor,  257 

and  sonfiation  of  smell,  668       ^H 

^^P               vasu-dilntor,  257 

Oncograph,  477*                                       ^H 

^^r              vaso-motor,  244 

Oncometer,  47'!*                                         ^H 

r                            of  the  veins,  2*12 

Optic  ti\U,  the,  582                                     ^H 

Nervi  erigentes,  256 

Ifibos,  inhibitory  uf  reflex   hc-       ^H 

1                Nervous  action,  nature  of,  128 

tion,  606                                           ^H 

L                     inipulees,  avalanche  theory  of, 

nerve,  760                                         ^H 

H               ^^^ 

Ihalami,  functions  of,  749                 ^^M 

^^M                     curves     illustrating    their 

Ossicles,  auditory,  uses  of,  658                ^^M 

^^^^^B                  velocity,  76 

Ottlilhs,  663                                                ^H 

^^^^H 

Output  and  income,  method  of  de-       ^H 

^^^^^^B            electrical    phenomena    at* 

terminin^,  o26                                        ^^M 

^^^^V 

Ovum,  dasceut  *iC,  Vx^Vi  "«i^wiv*».-    ^H 

^^^^^P            rate  of  prupagation  of,  75 

<wQ:tA,1'^'^                         ^M 

^^^L 

^^1 

^v 
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Ovum,  impregnation  of,  801 
OxHlat«  orurea,  87-4n 

Phakoioope,                            ^^^^^^^| 

Phases  of  life,  821                      ^^^^^H 

Oxalic  ftcid  seriea,  870a 

Phenol,  S85a                                      ^^^H 

Oxidation  in  blood,  417 

Phenylic  acid,  885a                           ^^^H 

Oxygen  in  the  blood,  396 

Photo  chemistry  of  the  retina,  008        ^^M 

entrance  of,  into  btoiid,  410 

PhyMcal  eloctrotonufi,  111                         ^^M 

^^L              influenceft    respiratorv    cvnlre, 

Physical  pfaenoiuena  of  circulation,       ^^M 

B                 428 

H 

tension  of,  in  blood  and  lungs. 

Physiological  eleclrotonua,  1 1 1               ^H 

411 

Pigments  of  bile,  988                                ^H 

UxyUwmuglubin    and   liivinoglobio, 

of  urine,  H9(iti                                     ^^H 

differonce  in  color  of,  404 

PilocArpin,  effect  t>f,  on  ht*art,  233          ^H 

fpecinim  of,  398 

Placenta,  nutritive  functions  of,  8U       ^^| 

Oxyniic  glands,  339 

respiratory  function  of,  810              ^^| 

Plaimine,  40                                        ^^^H 

DAIN,  67(J 

r     Paluiilic  acid,  HO,Vi 

Pneumogastric  nerre,  7(i7               ^^^^H 

in  respiration,                      ^^^^H 

Pal  mi  tin,  8«6a 

Poisonou?'  gMC-',  446  ^^^^B 
Poisons,  effect  of,  on  heart,  232, 2331      ^H 

Paucreaa,  hifitoloplcal  changea  dur- 

ing tictivity  and  rest,  327* 

Polycrotic  pulse,  212  ^^M 
Pons  Varolii,  functions  of,  755               ^H 

Pancreatic  digestion,  characlen  of, 

308 

Predicrotic  pulse-wave,  215                     ^^M 

^^L             Juico,  act  uf  secretion  of,  325 

Presbyopic  eye,  iU  features,  &88.  599        ^H 

^^L^             action  on  fat',  310 

Pressure  of  air  breathed,  effecta  of      ^H 

^^^^L                   on  food,  307 

chuiges  in,  44B                                      ^H 

^^^^^1^                          protoid-!!,  308 

Proasure-seosalions,   cliaractera  of,       ^H 

^^^^^                      on  starch,  311 

^H 

characlore  of,  306 

localization  of,  ft82                              ^H 

Paraglobuiin,  40,  50 

Pressure  and  teui  perature  senBationi,       ^^M 

charHCteri  of,  844a 

separate  nerves  and  nerve  endtugs       ^H 

Parajieptone,  294,  HJla 

Parotid    glands    during    Mcretion, 

for,  680                                                  ^1 

Propionic  acid,  804a                                  ^^M 

336» 

Protaj^on,  872a                                            ^^M 

Parturition,  818 

Protcid  diet,  general  features  of,  582       ^^M 

Pathetic  nen'c,  7(S2 

in  red  corpuscles,  51                            ^^| 

Pendulum  myograph,  73* 

Proteids,   AbAorptinn   of,   from   ali-       ^H 

Pwpain,  action  on  proteids,  297 

menttiry  canul,  ^70                          ^H 

Pepsinogen,  333 

action  of  gastric  juice  oo,  292           ^H 

Peptic  action,  theories  of  nature  of, 

of  imncn-atiu  juice  on,  30<1        ^H 

862n 

a  source  of  fat,  jj04                              ^^M 

digestion,  806 

cbaractorf  of,  83Ga                               ^^M 

1             Peptone,  Tcharacters  of,  294,  849a 

coagulated,  characten  of,  848a        ^H 

^K             proteids    converted    into,    by 

composition  of,  506                           ^^M 

^H                  pepsin,  297 

decomposition  of,  by  dige«ttion,       ^H 

^^                theories  as  to  nature  of,  849d 

852a                                                ^M 

■               Perfusion  canula,  224* 

in  serum,  49                                      ^^M 

^^-        Peripheral  resifiUnco.  154 

products   of  decomposition   ot^^^^^M 

^H                       what  effected  hy,  273 

^^^B 

^H              sense-organ.  o70 

theory  of  oomposition  of,  B63«^^^H 

P             Peristaltic  contraction*,  345,  347 

ProloplK<«in,  conjpo»it)on  uf,  835o            ^^H 

L             Pewpiration,  amount  of,  459 

fundamental  phenomena  of,  25,       ^^| 

^^m               charactert}  of,  406 

26,  27,  28                                          ^M 

^^H             nervous  mechanism  of,  4tl;! 

Psychical  blindness,  785                            ^H 

^^■^            secretion  of,  401 

characten  of  new-born  intant,       ^^| 

r                  Bensiblo  and  inscneUAe,  Kh^ 

^M 

^^    i'«(t«nkofer's  lust  forbU«  aci^^^la 

V^.>i«\\u,*2S!jb                                    ^^^M 
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Puborty,  phonomonti  Rttooding  on, 
825 

Pulmonftry  alveoli,  determinatiun  of 
carbonic  AOid  tension  in,  413 

PuUe,  207 
g  anncrolic,  210,  220 

^^L  ciiuses  of  dicrotic  wsve  of,  214 

^M  217 

^H  dicrotic,  213 

^^H  wave,  variations  in,  219 

^^    Put 

p 


feneml  cau»atiun  of,  211 
atacrotic,  218 
predicrotic  wave  of,  215 
polycrotic,  212 

rate,  as  inRuenccd  by  respira- 
tory movemenl,  487 
at  which  it  trawls,  210 
circinn^tances  <ictprminihg, 
210 
liticondnry  waves  in,  212,  217 
tricrolic,  212 
venous,  221 
Pulee-wav«s  produced  on    artificial 
scheme,  20H,  209 
cphygnio^raphic  Iracingg,  213*, 
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E.  0.  Slmkeepeare,  M.D.  Comprising  613  iloubte-oolouiDeil  ({uarlo 
pftgee,  with  38u  engruvings  on  atone  on  109  plates,  and  341 
wooilcntt  in  the  text.  In  six  jtetrtionB,  each  in  »  portfolio  S<tc> 
tion  I  (Hi'tology).  Section  II.  (  Bunei  nnd  Joint*).  Beotton  Itl. 
[Mapclee  and  Posctfr).  SeeDon  IV.  (Arleries.  Veina  and  L;mf'b«- 
ti»),  Section  V.  (Nerrou?  System),  Seotion  VI.  (Organs  of  Saaac. 
of  Dicefltion  and  Genlto-Urinary  Organs,  Kmbrjolof^j,  Perrlop- 
ment,  Teratology,  Post  Mortem  GxaiiitDntioos,  Qeneral  ant]  CHdi- 
eal  Indexes).  Price  perseoiiun,  $3  b<K  Alfo,  bound  in  one  Totame, 
elnth,  t2^  ;  half  Rasata.  raised  bonds  and  open  baric,  $36.  Soi^ 
6y  suthtrrtptioit  only. 

AHEBICAN  STSTEX  OF  OYNJECOLOGT.    In  treatim  by  rarioi 
autbori.     Edited  by  Hatlhew  D.  Mann.  M.D.     In  two  larg* 
tavo  volumes.      In  active prepa ration, 
A  SHHDR8T  (JOHH.  Jr.)     THE  PRINCIPLES  AND  PRACTICE  OP 

•^    SURGERY.     FOR  TUE    USE  OF  STUDENTS   AND  PRACTI- 
TIONERS.    New  (foartb)  and  rcrired  edition.     In  one  lar^e  and 
bondsoine  octavo    volume    of    IIOO   pages,    witb   575   woodcata. 
Clotb.  $0:  leather,  t":  balf  Rania,  f*  SO.     jH$t  nadp. 
ASHWELL  (SAMUEL).    A  PRACTICAL  TREATISE  ON  THE  DIS- 

*^    EASES  OF  WOMEN.    Third  edition.     320  p.ig««.     Clolb.tlSO. 
A  SYSTEM  OF  PRACTICAL  MEDICINE  BY  AMERICAN  AUTHO] 

"^  Edited  by  William  Pepper,  M.D  ,  LL-D.  In  fire  large  octal 
Tolumea  of  about  1100  p.nges  e.irb.  Volumea  I..  II  and  III.  ar« 
JQst  ready,  nnd  aggregatt^  343H  pnge»,  and  lOA  iJliHlralion^.  Tb* 
foartb  volume  will  be  ready  Fvbrunry  Ut,  1896.  and  the  final  tolume 
four  moDlha  thereafter.  Priee  per  volnme,  clotb,  $5  (lO;  leather. 
9H  DO  ,  h.ilf  Ruiuia,  $7  00.  SoU  by  tnhitrrijjlion  ctfiy, 
ATTFIELD  (JOHN).     CUEMISTUYi    OKNKRAL,  MEDICAL  AND 

-^  PnARMACEUTICAL.  Tenth  edition,  specially  rcTieed  by  the 
Autbur  lor  America  In  unr  handsome  12mo.  Tolume  of  ZiH 
pages,  with87  illua.    Cloth,  $2  50;  leather,  $3  Oft. 

PALL  (CHARLES  B.)  DISEASES  OF  TUE  RECTUM  AND  AM?&. 
In  one  l2mo.  volume  of  560  pogti.  Prfparing,  Sea  Strus  9f  CUni- 
ml  Majttittls,  p.  13. 

'DARKER  (FORDYCE.)  OBSTETRICAL  AND  CLINICAL  ESSAYS. 
In  one  band:iome  l2mo.  volume  of  about  300  pages.     Pr*pariitf. 

]DARLUW  IGEOBOE  H.)  A  MANUAL  OP  THE  PRACTICE  OP 
MEDICINE      In  one  Svo.  volume  of  003  piiges      Cloth    S3  30. 

DARNES  tFANCOURT).  A  MANUAL  OF  MIDWIFERY  FOR  MU>. 
WIVES.    In  uue  12mo.  vol  oflltipp..  with  50illus.  Clotb.  |1  ;>. 

DARNES  ^ROBERT).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASE.S  OF  WOMEN.  Third  American  from  3d  English  etlition  In 
one  Sro.  vol.ofabont  800  pagec,  witb  about  300  illoe.    Pr»f^,rtmg^ 

'DARNES  (ROBERT  and  FANCOCRT).     A  SYSTEM  01 

^     KIC  MEDICIKE  AND  SURUKRY,  THEORKTICAL  , 

ICAL.     The   SecvWa  on  Embrrology  by  Prof.  Milne*    Murtbail. 
In  one  Iftrgc  octavo  ^oXuma  u\  ^"W  ^^f/k-,  ^\i^  Ul  Uliulraliau. 


p 
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■pAKTHOLOW  (H0BERT8).    MEDICAL  ELECTRICITY.    A  PRAC- 
■°     TICAL  TUEATISEON  THE  APPLICATIONS  OF  ELECTHICITY 

TO   MEDICINE  AND  SUIlUKltV.     tieoond  ediUon.     In  one  9vo. 

roluiu«  of  202  pogep.  wilb  lOV  illuistriitionp.     Cluth,  $3  50. 
'pABHAM  (W.  E.)     RENAL  DISEASES;  A  CLINICAL  Gl'IDE  TO 
•^     rilEIRDIAONOSlS  AND  TREATMENT.     In  onelSaio.  volume 

of  MH  pajfeH,  wiLfa  tllustraLiuns.      Clutb,  $2  00. 

'DELLAttT  (ESWABD).     A  MANUAL  OF  SUROIOAL  ANATOMY. 

In  i)ne  I2ti)0.  vol.  of  3l)U  page*,  with  aO  illuntrAtions.  (Moth,  $2  25. 

OPERATIVE  BUROERV.     in  pre**.    St*  SludtntM' Sertr*  of  Man- 
uals, p.  14. 

TJELL  <F.  JEFFBEY).  COMPARATIVE  PHY8I0LOOY  AND  ANAT- 


OMY. 
Cloib.  $2. 
DLOXAM    (C 


one  12iiio.   volume  of   l>t\  pag««.  wilh    229  ttoodoulfl. 
Jtut  rttui^.     Sm  StioUtttt*  l^trifs  of  M'^nuati,  y.  14. 
L)     CHB.MISTRV.  INORUANIC    AND   OKOANIC. 

Witb  Experimi'ntB.    New  Amcricnn  from  (he  fifth  Luniloii  edition. 

In  one  hundpome  octavo  vulume  of  727  pngea,  with  3V3  iUustra- 

ttoTi>     Clotb.  $3  75;  leather.  $4  75. 
DRISTOWEdOHH  SYEB).   A  TREATISB  ON  TUB  PRACTICE  OF 

SIEDICINE.     Sraund  Amerionn  edition,  revised  by  the  Author. 

Edited  fffitb  additions  by  Jniuea    II.  nuCohinson.  M.D.     In  one 

hv<r  vol. of  11185  pp.     Cl')th.$5^  leather.  $A:  hivlf  Kn^sio.  $A  60. 
"pBOAOBENT.  (W.  H.)        TUE  PULSE.     Prfpanng.     See  Srrmi  u/ 

Cliuietri  Mnnnah,  p.  H. 
DROWNE  (EDQABA.)    HOW  TO  USE  THE  OPHTHALMOSCOPE. 

Eleoienlaryiaftraetion  in  OiihthHtin»aoopy  forlhttUseofSCudeuts. 

lu  one  smnll  13mo.  volume  of  1 10  pnges,  wttb  .^5Ulii«l      Ololb,  SI. 
-pEOWNE  I  LENNOX).    TUE  TIIKOAT  AND  ITS  DISEASES.    New 

edili'D.     In  one  hand.antne  imperial  8vu.  volume,  nith   13  dolorad 

plntas,  12U  typictti  lllust.  in  euU-r  and  f»0  woodi>Ut«.     I*rrftctit$i^ . 
-pBUCE    (J.    MITCHELL).      MATERIA    MBDICA    AND  TIIERA- 
^    PEUTICS.     In   one    l3tno.    volume  of  655   pagoi.     Cloth,    $1  60. 

Bee  SlurUnts*  Striet  of  Afuntiaf*,  p,   14. 

-pEUNTON    (T.  LAtJDEB),      A  MANUAL   OF    PHARMACOLOOY, 

-^  THERAPEUTICS  AND  MATUR[A  MEDICA ;  inoluding  the 
Phnrmticy,  the  Physiologioiil  Action  and  the  Tberapetiticttl  Uses  of 
Drug*.  Ill  one  ooluvo  volume  of  1033  pnger,  with  188  illuetrat(on«. 
CIoLb.  95  50;  leather,  $n  50.     Jttst  rtady. 

DRYANT  (THOMAS).  THE  PRACTICE  OF  SURGERY.  Fourth 
Aiooriann  from  the  fourth  English  edition.  In  one  imperinl  ootaro 
volume  of  1040  pagsH,  wilh  727  illuntrntioni.  Cloth,  |A  50; 
leather,  97  £iU ;  half  Rnasiu.  %9  00. 

DBTANT  (THOMAS).  DISEASES  OP  THE  BREAST.  Prtparing. 
See  .Sm-»cj  nf  Clinieai  JVuUM^/f,  p.  13. 

■pUMSTEAD{F.J.)  and  TAYLOR  (R  W.)  THE  PATHOLOGY  AND 

■^     TREATMENT  OF  VENEREAL  DISEASES.     Fifth  edition,  re- 
vised  :ind  rewritten,  with  many  additionit,  by  R.  W.  Tuylor,  M.D. 
In  one  bandiioma  Svo.  vol.  of  HUS  pagep,  witb  KJO  illuetrati<>u»i,  nnd 
two  ebromo-litfaographlc  p1a(ei<contaiDing  13  figurei.   C^«!fCQ..^%W%\ 
leather,  $5  75  ;  Tery  bandtome  haU  %um\&.,  %^^b.  ^, 

AND caXLEHIEB'S  ATL ASO¥  \ £^UYL^k\i -S*»» * Giavv*^^^**-^ 


LEA  BROTHERS  &  CO.'S  PHBLICATIONS. 


■pirSNETT  (CHARLES  H.)    THE  EAR:   ITS  ANATOMY,  PHYSI- 
-^     OLOOY  ANI)  DISEASES.     A  Proeticnl  Trealinefor  the  Um  o( 

SttideDtfl  and  PractitionerB.    New  fditioD.    In  onr  Bvo.  vol.  of  &80 

png«H,  with  107  tllustratloos.     Clntli,  $4  ;  lentbcr.  %!t. 
■puniN,  (HENRY  T.)      DISEASES  OF  THE   TONOFB.      In  one 

{•ocket-cizft  ]2mo.  rol.  ot  4bfi  pp.,  with  9  cot.  plntei  and  3  troodeoU. 

Limpeloth,  $3  50.  Juxlready.  S^e  ^Hrtiixt^Ch»Utii Jififttuoh,  p.  13. 
nARPENTER  WM.  B  )  PRIZE  ES.SAY  ON  THE  USE  OP  ALCO- 
^     HOLIC  LIQUORS  IN  HEALTH  AND  DISEASE.     New  Edition. 

with  a  Preface  by  D.  F.  Condie,  51. D.     One  IZmo.  volume  of  176 

puji;»"!      Clulli,  fiO  centi. 
nARPENTER  (WM.  B.)    PRINCIPLES  OF  HUMAN  PHYSIOLOG V. 


A  new  Amerionn,  from  the  eighth  English  edition.    In  one  large 

8ro.  voloine  of  lOB.^  pages,  with  liTi  illuitrntioni.     CI»th,  $S  50; 

Ualher,  raised  band? ,  $6   50  ;  half  IluHia,  raifled  bacdr,  $T.  ■ 
pENTORY  OF  AMERICAN  MEDICINE.— A  HisTonT  or  McDicinn  lai 
^     Ahkrica,  177B-1ST6.   In  one  12mo.  toI.  of  SflfipageB.  Cloth, $2  25. 
pHAMBERB  (T.  K.)       A  MANUAL  OF  DIET  IN  HEALTH    AND 

DISEASE.  In  oneband«ome8vo.  vol.of303  pugei.  Cloth.  S3  7&. 
pHARLEB  (T.  CRAHSTOUlf}.  THE  ELEMENTS  OF  PHYSIO. 
^     LOarCAL  AND  PATHOLOQICAL  CHEMISTRY.     Ill  one  hand. 

come  ootnro  Tolumeof  461  pages,  with  .38  woodcule  and  one  colored 

pinte.    Cloth,  3  t>Q. 
pHDRCHILL    (FLEETWOOD).     ESSAYS   ON    THE  PUERPERAL 


U 


FliVER. 


In  one  octavo  roluioe  of  4A4  pagei.     C7loth,  $2  SO. 

THE  DISSECTOR'S 


piARKE  (W.  B)  AND  LOCXWOOD  (C.  B) 

MANUAL.    In  one  12mo.  volumeof  399  pagee,  wiih  -IVliloetnitioiu. 

Cloth,  |1  50,      See  StminHlM*  Series  of  Ma HUai*.  p.  14. 
pLABSEN'S  QUANTITATIVE  ANALYSIS.    Translated  by  Ed|C»r  F. 
^     Smttb.Pb.D.  Inone]2mfl.  vol  of  324pp.,  with 30 Ulo«   Cloth. 43 
pLELAND  (JOHN).     A   DIKKCToRY  FOR  THE  DISSECTION 
^     THi:  HUMAN  BODY.    In  one  I2m<i.  vol- of  178  pp.    Cloth. $1W. 
pLOUSTON  (THOMAS  8.)     CLINICAL  LECTURES  0»   MENTAL 
^     DISEASES.   With  an  Abnract  of  Lawn  of  U.  S.  on  Cu»ludj  uf  the 

Indnne,  hy  C.  F.  Fn  (tntn,  M.D.    In  one  faandsoineoclnvo  »oI  of  341 

pAges,  illustrated  with  woodcuts  and  S  lith«>graphie  p'»tef.     Cloth, 

$4  00.     Dr.   FulHom'i  A&itract  ie  alfo  farotsbed  separntelj  in  one 

octavo  rolame  of  IO.S  pngef.     Cloth,  $1    50. 
pLOWES  (FRANK).    AN  ELEMENTARY  TREATISE  OK  PBAC 
^     TICAL     CUEMISTHY     AND    QUALITATIVE     INOROANIO 

ANALYSIS.     New  AnierloiU)  from  the  fourth  Bngl)*h  edition.     In 

one  handsome  I2iuo.  volume  of  3S7  page*,  with  bi   UJiutratione. 

Clolh,  62  50.     Jtttt  rtadjf. 
nOATS  (JOSEPH).    A  TREATISE  ON  PATHOLOGY.    In  ono  roL  af 
^     823  pp.,  wilh  .139  engravingB.     Clorb.  $.1  50;  leather.  fA  60 
QOHEN  (J.  80LI8).     DISEASES  OF  THE  THROAT  AND  NASAL 

PASSAGES.     Third  edilloa,  choroughlj  nvited.     In  one  handsoiaa 

octavo  volume.      Pr/ytariug. 
nOLEUAN  (ALFRED).    A  MANUAL  OF  DENTAL  SURGERY  AND 
^     PATUOLOOY.    Vf*A\k'¥i()L«*fc^4K4d\Uoni  to  adapt  H  to  Attierieaa 

Pfiiclico.  UyTHon  C.Su\\w»^«T>.U  K..^.\>  .\5.\>.4  \*,v^«h*nil- 


LKA  BROTHERS  &  CO.'S  PUBLICATIONS. 


nONDIE  (0. FRANCIS) 
^     EASES  OF  CHILDREN 


A  I'RACTICALTRKATISEONTnKDIS. 

Sixth  ciilion,  reviled  and  entarfiod.    Id 
OQo  large  6ro.  vol.  of  719  pngert.     Ctntb,  S5  25  ;  leather,  $6  25. 

nOOPEH(B.B.)LECTlMlKf=; ON  TKE  PRINCIPLES  AND TRAOTICB 

^     OK  SURGERY.    In  one  IwrgeSvo.  toI.  of  767  pagBi.    Cintl),#200. 

nORNIL  (V).  AND  EANVIEB(L,)  MANUAL  OF  PATHOLOtilCAL 
HISTOLOOT.  Trnnslatfd,  with  Notes  aad  Additions,  by  E.  0. 
6bukeji)teare,  M.D.,  and  J.  Henry  C.  Simes,  M.D.  In  one  ootavo 
vnlumeof  dOO  pag«s,  with  -(00  illuslrationt.  Oloih,  $6  50;  leather. 
|(l  fiO;  very  biindsooie  half  Ruisin,  raised  bnods.  $7 

PORNIL  (V  )  SYPHILIS:  ITS  MORBID  AN ATOHY,  DIAGNOSIS 
AND  TREATMENT.  TrnDalated.  with  notcB  aod  additions,  by  J. 
Uenry  0  Simei.  M.D  ,  and  J.  WitUaia  White,  M  D.  In  one  8to. 
Toluine  of  461  pnges,  with  84  illustralioitK.     CloLh,  (.1  75. 

nULLERIEE  (A.)    AN  ATLAS  OF  VENEREAL  DISEASES.    Tronn- 
InCed  and  edited  by  Fbbruan  J.  Dcjmstead,  M.D.,  LL.D      A  Inrge 
quarto  rolutne  of  328  pages,  with  26  platej>  containing  iibout  l&U 
figures,  beautifully  colored,  mnity  i»f  thein  life  91  «o.     CltUh.  $17. 
M    DICAL  APPLIED  ANATOMY.     In  prut. 
14. 

TJILTON  tJOHN  C.)  DOCTRINES  OF  TUK  CIRCULATION  OF 
THE  BLOOD.  In  onebaDdiome  l2ino.  Yolameof  2DS  pages.  Cloth. 
$2.     Ju»t  rectttif. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY.     Seventh  edition, 

tboroaghly  rertced,  nod  greatly  improved,  in  one  very  handsome 
8vo.  vol.  of  723  pagea,  with  352  illuittrationB.  Cloth,  %b\  lea- 
ther, f :  very  handsome  bnlf  Ruesta.  %^  50. 
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nURNOW   {JOHN). 

See  ^tud^M^i  S.rit»  of  I\f/iin4^U,  p. 


*n ANA  (JAMES  D.)  TUESTRUCTUHK  ANDCLASSIFICATION  OF 

■^    ZOOPHYTES.    WithilUflt.on  wo.»d.  In..neimp.4to.vol.    CI., $4. 

T\AVIS  (F.  H.)  LECTURES  ON  CLINICAL  MEDICINE.  Seoond 
edition     In  one  12uio.  rolutne  of  2S7  pftK"-     Cloth,  $1  "Jf*. 

TIE  LA  B£CH£'8  OEOLOOICAL  OBSERVER.  Inone  large  8vo.  vol. 

^    of  7nn  p.-ig»^!t,  with. TOO  illustrationii      Clolh,  $4. 

■nRAPER  {JOHN  C.)  MEDICAL  PHYSICS.  A  Text-book  for  8  to - 
dents  and  Prnetlttoneraof  Medicine.  In  one  hiindsome  octavo  vol- 
nme  of  734  pages,  with  37>l  illuMmtions.     Cloth,  $4.     Jatt  rrndy. 

■nRUITT(ROBEHT).  THE  PUINCIPLES  AND  PRACTICEOF  MOD- 

^  ERN  SUROERY.  Fnirn  the  Hth  London  edition.  In  one  octMO 
vi>IuiAe  urns?  prigu*.  with  4.12  illuji.     Clolb,  $4;  leather,  $5. 

TJUNCAN  (J.MATTHEWS)     CLINICAL  LKCTUHKB  ON  THE  DIS- 

^  BASKS  OF  WOMEN.  Delivered  in  St.  Bartholomew's  Hospital. 
Id  one  ootavo  volume  of  175  pages.    Cloth,  $1  50. 

T^UNGLISON  (ROBLEY)  MEDICAL  LEXICON  ;  A  Diciionnry  of 
Medical  Science.  Containing  a  concise  explanntion  uf  the  rnrioaft 
subjects  and  terras  of  Anatomy,  Physiology,  Piithulugy.  Hygiene, 
Thorapeuties,  Pbarmaoulogy,  Pharmacy,  8urgery,  Obatc>trio»,  MedU 
O&I  Jurispradenceand  Dentiatry  ;  notices ofCli mate  anduf  Mineral 
Waters  ;  For mulnforOffioinal,  Empirical  and  Di«tetto  Preparation*; 
with  the  aooenlnation  and  Etymology  of  the  Terms,  and  theFreacK 
and  other  Synonymei.  Edited  tiy  R.  J.  Du^^'wt^Tv.^'^.Vt  V-u  (i>%% 
very  lor^-e  royal  9to,  vol.  ol  l\3ft  v**ftM.  ^\oVVi.,%^  t»tt\\*%.Vtt»» 
$7  50,  JiaifRunift,! 
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pDIS  (AHTHTTR  W.) 

(]ent5  and  PrnctitioDern 


DISEASES  OF  WOMEN.     A  Manual  fnr  Sto. 
In  one  h«nd»ome  Sro.  vol.  nf  674  pp., 
with  USilluBtraliona.     Cloth,  $3;  leather.  $4. 

rjLLlS  (GEOHOX  VIHEH).  DEMONSTRATIONS  I>*  ANATOMY. 
Being  a  Oalde  to  the  K nuw ledge  of  ihe  Hntnan  Bndy  by  Diueelioa. 
Promthfeighth  nnil  revived  English  edition.  In  one  oeiAro  toI.  of 
716  pages,  with  2<<9  illuntrationii.     Cloth.  $4  U  ;  leather,  ti  15. 

PMltET  (THOICAS  ADDIS).    TUB  PRINCIPLES  AND  PRACTICE 

^  OP  OYN^COLUdV.  for  the  use  of  Stndeoti  nod  Practilionert 
New  (third)  edition,  enlarf^ed  and  revised.  In  ••oe  lare«  )>*'d. 
Tolanie  of  880  r"fcet<  with  1^0  original  illDxtration?.  Clotb,  $5; 
lentfaer,  $6,-  half  RoMia.  $f^  M).     Just  r fatty. 

pRICHSEK  (JOHN  E.)  THE  SCIKNCK  AND  ART  OF  SUBUKRY. 
A  Dew  AmericAD,  frnm  the  eighth  <"nliirged  tvnd  rerlted  London 
edition.  In  two  lurge  octaro  rolatnes  conlAining  3314  pages,  witii 
fi84  itlnstralions.  Cloth.  SO;  leatJier,  $11;  half  Ru^sU.  rai 
bandy,  $12.     Jn»t  rfady. 

PSMASCR    (FRIEDRICH).     EARLY    AID    IN    INJVRIE?    AND 

''''  ACCIDENTS.  In  one  pmall  IStmo  rolame  of  100  pages,  with  24 
illuitrntinns.     Cloth,  75  centtf. 

pABQUHARSON  <BOBEBT)  A  GUIDE  TO  THERAPBITTICS. 
Third  Amerienn  edition,  spfciallj  rerised  by  the  Author  Cdtted, 
with  ntlditions.eiabrneingthe  US.  Pharnt-ieopaQta.  by  Prank  Woo4- 
hurv.  .M  D.     In  one  12mo    Tolain*or&Z4  pages.     Clotb,  $2  35. 

pENWICK  (SAMUEL).  THE  STUDENTS'  OCIDE  TO  MEDICAL 
DlAQNOStS.  From  the  third  rerised  and  enlarged  Loadon  tdl 
tion.    In  onerorni  ISiim.  rolame  oTSZR  page*.    Cluth,  $3  2(. 

piNLAYSON  (JAMES).  CLINICAL  DIAGNOSIS.  A  Hand  bunk  for 
Students  and  Prnclilionera  of  Medioine.  In  one  batidsone  8r«. 
vol.  of  £4ft  page*,  with  85  woodoatt.     Cloth.  %1  ft3. 

pLINT   (AUSTIN).    A   TREATISE  ON  THE  PRINCIPLES    AND 

^  PR.^CTICE  OF  MEDICINE.  Fifth  edition.  reTised  and  largely 
rewritten.  With  nn  Appendix  on  the  Renearchei  of  Eoeb  and  their 
Renring  on  the  Etiology,  Pathology,  Diagnoaii  and  Treatment  of 
Pulmonary  Phtbifis.  In  one  large  Sto.  vol.  of  llftO  pages  Clotb, 
t!»60.  leather,  $6  50;  very  handsome  half  Rouia,  tT. 

A  MANUALOFAURCULTATION  AND  PKRCrSSlON;  ofibe 

Physical  Diagnosii' of  Diseases  of  the  Lungs  and  Henri,  snid  fif  Tho- 
racic Anearism.  Ntw  (fourth)  edition,  revlicdandentarged.  Inoat 
handffome  13mo.  volume  of  240  pages.     Cloth,  $1  f^'^■     Jftsl  f*md^ 

A  PRACTTCALTREATIREONTnE  DIAGNOSIS  ANDTREAT. 

MENTOFDISKASESOFTUK  HEART.  Secondediilon.enUrgted. 
In  one  octavo  volume  of  550  pa^es.     Clotb,  %i  00. 

A    PRACTICAL  TKEATISi:  ON  THK  PHYSICAL  EXPI^RA 

TION  OF  THE  CHEST.  ANI»  THE  DIAGNOSIS  OF  DlSEAJJES 
AFFECTINOTHERESPIKATORYOROANS.  Second  and  revised 
edition.     In  one  octavo  volnme  of  501  pages.     Cloth.  $4  &0. 

CLINICAL  MEDICINE       A  SYSTEMATIC   TREATISE  ON 

THE  DIAGNOSIS  AND  TREATMENT  OF  DI5EA.<sE  DesigDed 
for  SlodenUi»i>4?f*<'^\^'^**^"*'*^^*^^*^^*-  \^<ift*bftn"Unme  oei«v<i 
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■LINT  (AUSTIN).    MBDICAL  ESSATS.    In  one  I3mo.  Tol.,pp.  210. 

Cli>tU.|1  38. 
OX  PIITIflSIS:  ITS  MORBID  ANATOMY.  ETIOLOi^Y.ixc, 

ft  serieK  of  Ctinical  Lectures.     Id  ODt  6vo.  volume  of  4-12  pagc«, 

CI  nth.  «.1  to. 
THE    PHYSICAL    EXPLORATION   OP   TUB    LUKOS,    BY 

MEANS   OP    AUSCULTATION    AND    PERCUSSION.      In    one 

lEiniUl  12ino.  volume  of  S3  pitg«54.      Cloth,  $1. 
IQISOM  (C.  F.)     An  Abiitraot  of  Slntutes  of  U.  S-  on  Ouitody  oftho 

Inxanp.     In  on*  Hvo.  vol.  of  lOS  pp.     Cloth.  $1  60.     AUo  boand 

with  C/ouj>ton  on  Tusanitp. 
»05TER  (MICHAEL).     A   TEXTBOOK   OF  PHY8IOL0OV.     New 

(tliirU]   .Aiiifrk'au  from  the  ruurtb   Hngl^h  oilUion,  t>dite<l  by  E.  T. 

Rbicbisrt,  M.D.     In  an«  targe  12aiu.  vot.  of  006  pages,  with  371 

IlluytrntionB.     Clnth,  S3  25;  leather,  $3  75.     Jrtst  ready. 
ATEXT-BOOKOP  PHYSIOLOGY.    KoglUh  Sludent'n  edition. 


la  one  12mo.  roluoie  of  804 pages,  with  72  itlustrntinns.    Cloth,  $'1. 
p 3THEKGILL'8 PRACTITIONER'S  UANDBOOKOF TREATMENT. 

New  B'Jitinn.      In   one   handaome  octavo  rol.   of  about   n^O    pp. 

pOWNE8(OEOEOE).  AMANUALOFELEMENTAHYOHEMISTRY. 

New  odillon.  Embodying  Wotls'  Pky$ical  ami  Imtrgnnie  Chem- 
ialry.  In  one  royal  IZmo-Tol.  of  1001  pp. .with  lAtt  illuit.,  and 
one  colored  jilate.     Clotb,  $3   75;    leather,  $<3  2J.      Jrtxt  rtitdy. 

pox  (TILBURY)  and  T.  COLCOTT.  EPITOAIE  OF  SKIN  DIS- 
EASES, with  Fonualfc.  For  Studenti  and  Fraotitioners.  Third 
Am.  edition,  revised  by  T.  C.  Fox.  In  one  small  12tuo.  volume 
of  2:iSpnge9.     Cloth,  t!  25. 

pK&NKLAND  (E.)  and  JAPP  (F.  R.)  INGRaANlC  CHEMISTRY. 
In  one  bandfome  octavo  vol.  of  077  pnges.  with  51  engravings  und 
2  platen.     Ctolh,  $3  75,-  leather,  %A  75.     JuM  rtadv. 

pULLEE  (HENRY).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAIJE^.  Their  Pathology,  Physical  DiAgnosis, Symptoms  nnd 
Treatment.  From  2d  Eog.ed     In  1  ftvn.  vol.,  pp.  476     Cloth. $8  50. 

niBKKY  (V.  P.)  ORTHOPAEDIC  SURGERY.  For  the  use  of  Prrw- 
tilionor?  and  Students*.     In  one  Bvo   vol.  profusely  illtis.     Prejig, 

niBSON'S  INSTITUTES  AND  PRAOTICK  OF  SUKGEliY.  In  two 
octrivo  volumeo  of  OAd  pngeit,  with  .'(4  platev.     Leather,  $A  50. 

QLUGE  (GOTTLIEB).  ATLAS  OF  P.VTHOLOOICAL  HISTOLOGY. 
Trnn.^I»led  by  Jo.teiih  Leidy,  MD.,  Professor  of  Anatniny  in  the 
University  of  Pennsylvania,  Ac.  In  one  imperial  qu&rlo  volume, 
with  320  copperplate  llguren,  plain  nnd  colored.    Clotb,  f  4, 

nOULD    (A.   FEABCE).     SURGICAL   DIAGNOSIS.     In   one   12mo. 

vol.  of  .'.Klf  pages.    Cloth,  $3     See  Stuiirutt'  StrM  of  Mununts,  p.  M. 

ARAY  (HENRY).    ANATOMY.  DESCRIPTIVE  AND  SURGICAL. 

^     Edited  by  T.  Pickering  Pick.  F  R  C  8.    A  new  AmericaD,  from  the 
tenth  and  enlargeil  London  edition-     To  which  is  added  Holden'ff 
"Landmarks,  Medlcul  and  Surgical,"   with  additions  by  W.   W, 
Keen,  M  D.     In  one  imperial  octavo  volume  of  I02:-i  f}ii^««,.t-«S.\.>ck 
664  large  and  elaborate  engravingt  tiT\  wotitV.    ^\^0a4  \^-,  X*^"^** 
f  7;  ref7  handsome  kalC  HaisU,  tumA \>a.Ti^,  VI  ^^' 


8 


LEA  BROTHERS  &  CO.'S  PUBLICATIONS. 


nSEEN  (T.HEHET).   AN  INTRODUCTION  TO  PATHOLOGY  ASD 
^     MORBID  ANATOMT.     Fifth  Arnvrican,  from  tb»  fUtb  LoDaoB 

«ditioii.     Id  on*  bandBome  o«ltvo  rolame  of  483  pagM,  wiih 

illattraUoDs.     Ctolb,  £2  50. 
naBBKE (WILLIAM H)   A  MASUALOFMEDICALCnEMISTBT. 

For  tfao  Use  of  Stttdent«.     Based  npon  Bowman's  Medteal  Cbem- 

ifitrv.  Id  on«  12ino.  vol.  of  310  pagvi,  witb74  illus.  Clotb.}!  7i. 
fJRIFFITH  (HOBERT  E.)  A  UNIVERSAL  FORMULARY.  CON- 
^    TAILING TilEMETnODfrOFPREPARIJiO AND ADMINISTK] 

INGOFFICINALAh'DOTUEh  MEDICINES.   Tbirdatid«nUrg*i 

edition.     Kdited  by  John  M.  MftUch.  Pbftr.D.     la  unc  large  8to. 

vol.  of  775  pagtf,  doable  oolomof.     Clolb,  $4  SO;  leather.  $6  5V. 

nROBS  (SAMUEL D.)  A  SYSTEM  OF  SURGERY.  PATBOLOGICAL. 

^  DIAGNOSTIC.  TUERAI'EUTIC  AND  OPERATIVE.  6»xlh  .di- 
tioQ,  tborougbljr  rertsed.  In  two  imperial  oclaro  Tolone*  eontaitt* 
log  2392  pages,  with  lft23iUa«tratIoiu.  StroDgljboundln  lealber, 
raised  bands,  $16;  rtrj  handsome  half  Rauta,  raised  bands.  $]C. 

A    PRACTICAL  TREATIgE  ON   THB    DISEASES,    INJU- 

riesaod  MalforraatioDsof  the  Urinary  Bladder,  the  Prostate  Gland 
and  th«  Urethra.  Third  edition,  thoruugblj  revised  and  noeh 
condensed,  by  Samuel  W.  Oross,  M.D.  In  one  octATOTolttme  of 
674  pages,  with  170  illns.     Cloth.  $4  50. 

A  PRACTICALTREATISE  ON  FOREIGN  BODIES  IN  THB 

AIR  PASSAGES.    Inone  8ro.  vol.  of  468  pages.    Cloth,  93  75. 
R088   (SAMUEL  W.)      A   PRACTICAL  TREATISE  ON    IMPO. 
TEXCE.   STERILITY.   AND   ALLIED  DISORDERS  OF    TUB 
MALE  SEXUAL  ORGANS.     Second  edUion.     In  one  handtom* 
octATo  vol.  of  168  pp  ,  with  Ifi  iliost.    Cloth,  $1  61). 
ABEBSHON  (S.  0.)     ON  THE  DISEASES  OF  THB  ABDOMEN, 
AND  OTHER  PARTS  OF  THE  ALIMENTARY  CANAL     Second 
American,  from  the  third  Englishedition.     In  one  handsome  8to. 
volume  of  534  pages,  with  illas.     Clotb,  %S  59. 
AMILTOK  (ALLAN  McLABE).    NERVOUS  DISEASES,  THBIB 
DESCRIPTION  AND  TREATMENT.    Beoond  and  re  vised  edition. 
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In  one  octavo  volame  of  596  pages,  with  73itlu»traUon».   Cloth,  ^. 

AMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.  Seventh  edition,  thoroughly  re. 
vised.  In  one  handsome  8vo.  vol.  of  998  pages,  with  352  i|laair». 
tions.  Clotb,  $i  50;  leather.  $0  50 ;  y^rj  bandsotne  balf  Russia, 
$7  00. 

ART8H0RNE  (HKHBT).  ESSENTIALS  OF  THE  PRINCIPLED 
AND  PRACTICE  OF  MEDICINE.  Fifth  edition.  In  on*  Hue. 
vol.  (169  pp.  with  144  illnstratioDi.     Clotb,  $2  75  .-  half  boond.  ft3. 

A  HANDBOOK  OF  ANATOMY  AND  PHYSIOLOGY-     In  en* 

I2ma.  volame  of  310  pages,  with  220  illattrations.     Clolb.  |1  75. 

A   CONSPECTUS  OF  THE   MEDICAL  SCIENCES.     Com- 

pri-tng  Hannals  of  Anatomy.   Physiology,   Cbemutry,   Materia 
Medioa,  Praotioe  of  Medicine,  Surgery  anU  Obstetrici.     Sveond 
vditioo.     In  one  royal  Umo.  volume  of  1028  pages,  witb  4TT  iUu>  , 
trfttioDI.    Ololb.  )ilb;  UaVh«i,%^  ^%. 
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TTEHMAHN  (L.)     EXPERIMENTAL  PHARMACOLOGY, 
book  of  the  Methods  Tor  DetrriDintnc  the  Phyiiulocical 


A  Unnd- 

ig  me  I'nyiiulogical  Aetions  of 
Drugs.  TnitmUted  bj  Robert  MfnJefiinith.M.r  Inonsltlnio  rol. 
of  190  pages,  wfih  32  iltu^lrationfl.     Ctoth,  91  50 

■giLL  (BEBKELETf).  SYPniLIS  AKD  LOCAL  CONTAGIOUS  Die* 
ORDERS      In  oneSvo.  vuhi[ui)of479pnge8.     Clolb,  f .")  25 

"CTILLIER  (THOMAS).  A  HANDBOOK  OF  SKIN  DISEASES.  2d  ed. 
In  one  royal  iStiio.  volume  of  35:1  pages,  wtlh  two  platen.  Cloth, 
$2  26 

•CTOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  tSED 
IN  MEDICINE  AND  THK  COLLATERAL  SCIENCES.  In  one 
l2iuo.  to),  of  520  double-columned  pp      Clotb,$l  bO  ,  leather,  $2. 

UODGE  (HUGH  L.)  ON  DISEASES  PECULIAR  TO  WOMEN.  IN- 
CLUDING  DISPLACEMENTS  OF  THE  UTERUS.  Second  and 
rerised  edition.     In  one  8vo,  vuhitne  of  511t  pugea.     Clotb.  $4  50. 

THE  PRINCIPLES  AND  PBACTICB  OP  OBSTETRICS.   lu  one 

large  -Ito.  vol.  of  M2  double-columned  pages,  illustrated  with  Urge 
lithograpbioplnlesoonlAininKl^l' figures  from  original  photographs, 
and  IID  wondcuts.     Strongly  bound  in  cloth,  $14. 

-QOFFKANN   (FREDERICK)   AND   POWER  (FREDERICK  B.)     A 

•"■  MANUAL  OF  CHEMICAL  ANALYSIS,  np  Applied  to  the  Examina- 
tion of  Medicinal  CbemioaUaad  iheir  Preparations.  Third  edition, 
entirelj  rewritten  and  maoh  enlarged.  In  one  hondaomt  octavo 
voluma  of  621  pngei,  wilh  170  illufltralions.     Cloth,  ti  3&> 

■n"OLDEN(LUTHEP.).  LANDMARKS.  MEDICAL  AND  SURGICAL. 
From  the  third  Engliib  edition.  With  addition*, by  W.  W,  Keen, 
M.D.     In  one  royal  I  2mo.  vol.  of  HH  pp.    Clulb,  %\. 

"□"OLLAND  (SIB HENRY).  MEDICALNOTES  ANDKEFLECTI0N8. 
From  .Id  English  ed.     In  one  Svo.  rol.  of  49;i  pp.     Olotb,  $3  60. 

-aOLUES  (TIMOTHY).  A  SYSTEM  OF  SURGERY.  With  notes  and 
ndditionsby  various  American  authors.  Edited  by  John  H.  PucUard, 
M.D.  In  three  very  handsome  8vo.  vols,  oontainiog  3137  double- 
eolumoed  pages,  with  9711  woodcuts  and  13  litbogropbic  plates- 
Cloth.  $18;  leather.  $21;  very  handsome  half  RassUi,  rikised  bundit, 

$22  60.      Pur  satf  h^  snbsrri'pti&n  ouiy. 
OKNEB  (WILLIAM  E.)   SPECIAL  ANATOMY  AND  HISTOL0(»V. 

Eighth  edition,  revised  and  modified.    In  twulargeSro.  Vols,  of  1U07 

pages,  oontaining  32»  woodcuts.    Cloth,  SO. 
ITIIDSON   (A.)      LKCTUKES  ON    THE   STUDY   OP   FEVER.      In 

one  ootavo  volume  of  308  pagei.     Cloth,  $2  60. 
•gUTCHINSOK  (JONATHAN).     SYPHILIS.     Prrparing.     Ss^  Seria 

of  Clinirai  Mamualx,  p.  1.^. 

IJTDE  (JAMES  NEVINS).  A  PRACTICAL  TREATISEON  DISEASES 

OF  THE  SKIN,     In  one  hiindsome  oelavo  volume  of  670  pages. 

with  65  illuit.     Clotb,  $4  26;  leather,  $6  26. 

TONES  (C.  HANDFIELD).    CLINICAL  OBSERVATIONS  ON  FUNC 

^      TIONAL  NERVOUS  DISORDERS.    Second  Amarlean edition.    In 

one  OAtaro  volume  of  340  pages.     Cloth,  $3  26. 
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TDLKR  (HEWRY). 
"      AND  I*RACTICK 


A  HANDBOOK  OF   OPHTHALMIC    RCIBNCR 
III  on^Svo.  7oluw«  of  4flO  pngei,  with  135  won<l- 

outi>,  37  chroino-lilbogmphic  platen  te«t  types  of  Jii«gor  ant)  Snellen 

and  Holmgren's  Color  b)in<lneK8  Uft.  Clitb.  $4  50;  Unlher.  $.i  bO. 
TTTSATIHG  (JOHN  M.)  THE  MOTHEB'S  ODIDB  IN  THE  MAN- 
■^   AOKMKNT  AND  FKKDIXtl  Of  1NFANT3,     In  one»u»all  !2mo 

Tolutut*  of  116  pages.     Clutb,  $1. 
TT'llCG  (A.  F.  A)      A  MANUAL  OP  OBSTETRICS.    New  •dIUtm. 

In  OHA  12mo.  Toltime  of  H[i\  pnc^f,  with  &9  illustrations.  Cloth,  $2. 
ITLEIN  (E)      BLGMGNTS  OF   HISTOLOOV.      In   on«   pocWt-iixa 

l2mo.  Tolame  of  360  ptg*?.  wich  181  engravlngi.     Cloth,   |1   &0. 

See  Students'  Sariet  cf  MuHimit,  page  14. 
TAWDI8  (HENRY  G)     THE  MANAGEMENT  OP  LABOR.     In  oo» 

band^omo  12mo.  vuluiue  of  320  page*,  wllb  2S  lllas.     Cloth.  $1   TS. 

JtiH  foaiiy. 
T  A  ROCHE  (R)    YELLOW  FEVER.    In  tiro  Sro.  vols.  ofUfiS  pftge*. 
•"     Clolh,  |7. 

PNEUMONIA.    Inone8vo.voI.of  4»0page«.    Cloth.  $S. 

T  AURENCE  (J.  Z.|  AND  MOON  {ROBERT  C.)      A    HANDY-BOOK 
■^     OF  OPnTHALMIC  SL'ROEKY.     Second  edition,  revised  by   Mr. 
Lfturonee.     In  one  Svo.  vol    pp.  227.  with  6P  illos.     Cloth,  f  2  T5. 
T  AWSON  (OEOROE).    INJUIUES  OK  TIIK  EVE,  ORBIT  AND  EYE- 
LIDS.    From  the  l.iflt  EdrIikL  edition.     In  one  band«onie  octuvo 
volume  of  404  pages,  with  92   illuatration!.     Cloth.  $^l  50. 
TEA  (HENRY  C.I  SUPKltSTITION  AND  FORCK  ;  E8SAV8  ON  THK 
^     WAGER  OF  LAW.  THE  WAQER  OF  BATTLE,  THE  ORUEAL 
AND  TORTURE.     Third  edition,  thoroughly  revised  and  greatly 
enlarged.    In  one  hand  some  rnynl  12rao.  vol.  pp  &&3.    Cloth,  $3  &0. 

STDDIES  IN  CHURCH  HISTORY.    Thr  Ki*«or  th«Ti>inpnr»l 

Power — Benefit  of  Clergy — ExcomuunioottoD.  New  adilioD.  Jo 
one  handsnme  tSurn.  vol.  of  ft06  pp.     Clolh,  $2  60. 

AN  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIBACY 

IN  THE  CHRISTIAN  CHURCH.  Seound  edition.  Inonehand- 
come  octavo  volume  of  (^84  page«.     Cloth.  $4  .''0. 

TEE  (HENRY)  ON  SYPHILIS.     In  oneSro    volume  of  24S  p«ge«. 

■"     Cloth.  $2  25. 

TEHMANN  (CO.)  A  MANUAL  OF  CHEMICAL  PHYSIOLOGY. 
In  one  ^vo.  vol.  of  327  pagefl.  with  41  woudouti.    CIntb.  S2  2o. 

T  EISHMAN  (WILLIAU).  A  SYSTEM  OF  MIDWIPKRY.  Includ- 
ing  the  Difeases  of  Pregnancy  and  tho  Pnerprral  State.  Third 
American,  from  the  third  Englitb  edition.  With  additions,  by 
J.  S.  PArry,  M.D.  In  one  octavo  volume  of  740  pngei,  with  20S 
il1u^t^itiou».     Clolh,  $4  50;  leather,  85  50;    hnlf  Ratlin,  fft. 

T  UCAS  (CLEMENT).  DISEASES  OP  THE  URETHRA.  I'rfpanng. 
Sec  Serif f  of  Vlitntai  MainM/i.  p.  IS. 

T  DDLOW  (J.  L.)    A   MANUAL  OF  EXAMINATIONS  UPON  ANA- 


U 


TOMV.  PHYSIOLOOY.  SCRtlERY,  PRACTICE  OF  MEDICINE, 
OBSTETRICS.  MATERIA  MEDICA.  CHEMISTRY,  PHARMACY 
ANDTHERAPEUTICS.  Tonbich  i«  added  aMeJlc&l  FurmuUry. 
Third  edUion*    In  nn«  iQ^aWlx&n.  ^^iWme  of  816  pagti.  with  57tf 
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T  TONS  (ROBERT  D.) 
volome  of  3fi2  pngts 


In  on*  octmro 


i 


A  TREATrSE  ON  FEVER. 
Ct.Hh.  $2  25. 

TUTAISCH  (JOHN  M)    A  MANUAL  OF  ORGANIC  MATERIA  MKD- 
ICA.     New  edition.     In  one  bandnome  l2mo.  volama  of  &36  jipgei, 
with  213  be.iatiful  illajtrrntions.     Clolh,  $3.     Just  rmdy. 
^UTARSH   (HOWARl)).     DISEASES  OF  TUE  JOINTS.     Pr*yati»g, 
See  Sfrirs  of  VUnieal  Mannah,  p.  13. 

TUTAT  (C.  H.)    MANUAL  OF  THE  DISEASES  OF  WOMEV.    For  iha 

M%^  of  Students  nnd  Pmctttiiner*.    In  one  12mo  Tol(im«  of  about 

3.^0  pA^eB.     Clolh.  $1  "5.      f«  a  few  days. 
TV^EIGS  (CHA8.  D.)  ON  THE  NATURE.  SIHNS  ANDTREATMENT 

OF  CHILDBED  FEVER     In  oneSrovoI.  of  .I4fl  pngr?.   Clolh.  $2. 
lyriLLER  (JAMES).  PR1NCIPLE80FSIIR0ERY.  Fourth  Amerienn, 

from  the  third  Edinburgh  edition.      In  on «  large  octaro  volome  of 

6S8  pa^es,  with  2tO  illu*trntions.     Cloth,  $375. 
RJILtER   (JAMES).     THE    PKACTICE    OF    SUROERY.     Fourth 

AcDcriean,  frnm  Ibe  lant  IMiubtirfih  edition-     In  one  Urge  oetavo 

v.iltinie  of682  pnges,  witb  ■^r^^  jlhietrallons.     Clotb.  $3  75. 
TiJITCHELL  [8.  WEIR).     LECTCRES   ON  NERVOUS  DISEASES, 

ESPECIALLY  IN  WOMEN.     Setrond  edition.     In  one  l2mo.  toI- 

nme  of  288  r^gef.     Ctuib,  *1   75.     Jmt  reaJ^. 
T^ORRIS  (HEKRT)      SURGICAL  DISEASES  OF  THE  KIDNEY, 

i^hurtlff.     See  Serirt  of  Ciinirai  Mctntitth.  p,  IS. 
lyrORRIS  (MALCOLM).     SKIN  DISEASES:    InclndiDg  their  Defini- 

ttiin*.    Symptoms,   Diigno»if,  PrognosiiF,    Morbid    Auatoiny    nnd 

Trenlmenl.     A  MonnAl  for  Students  and  Prftctitionera.     In  one 

12nio.  Tol.  of  .tJR  pages,  with  illiititrAtionB.    Clotb.  |1  76. 
TUrtJLLER  (J.)     PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 

In  *«ne  large  8to.  vol.  of  02.1  page?,  with  538  cote.     Cloth,  $4  60. 
ig-EILL  (JOHN)  AND  SMITH  (FRANCIS  0.)     A  COMPENDIUM  OF 
^    THE   VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.    In  one 

btindsome  ISmo.  Toluene  of  97'!  pnges,  with  374  woodcuts.     Cloth, 

$'t :  leather,  rniiied  bandn,  84  7a. 
■fJETTLBSHIP'8  STUDENT'S  GUIDE  TO  DISEASES  OF  THE  KYB. 

Sfrond  edition.    In  one  rnyttl  l2ino.  volume  of  410  pngef,  with  138 

illufitrations.     Cloth,  $2  00. 
QWEN  (EDMinn)).    SURGICAL  DISEASES  OP  CHILDREN.    Short- 

/y      See  Stries  o/  C/itti'cal  AFnTittth,  p.  13. 
pARBISH  (EDWARD).   A  TREATISE  ON  PH-ARMACY.   With  in  any 

Form ulie  and  Prescription)!.  Fifth  edition,  enlarged  and  Ihoroaghly 

revised  bj  Thnnia^  S.  Wipgand,  Ph  0.      In  one  octavo  volume  of 

1093  pages,  with  257  illastmlions.     Ctolfa;  $5  :  leather,  $t. 
pABRY  (JOHN  B  )     EXTRAUTERINE  PREGNANCY.  ITS  CLIN- 
•*•      ICAL    HISTORY.     DIAGNOSIS,    PROGNOSIS    AND     TREAT- 

MKN'T.      In  one  octavo  volume  of  272  pnges.     Clotb,  $2  50 
pAHVIN  (THEOPHILUE).   A  TREATISE  ON  MIDWIFERY.   In  one 

hnndeouie  Svo.  vol.  of  about  560  pp.,  with  mnnylllaD.     In  pr«»». 

pAVY(F.W.)    A  TREATISE  ON  THE  FUNCTION  OF  DIGESTION, 

■^     ITS  DISORDEKS  AND  THEIR  TREATMENT.    From  lheB6cr^^<L 

London  editioo.    In  one  octavo  volame  of  T&y^^«^'fc&.   ^\«3'C\.v ,  Vt - 
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>EPF£B  (A.  J.)     FORENSIC  MEDICINE.     In  pwi,     &c«  Stuiitnt's 

Series  of  Manua/t,  p.  14. 
SUROrCAL  PATHOLOOr.    In  one  12mo,  roluiao  of  SM  |»gt«. 

with  HI  illu«.     Cloth.  $2.      f>M  StuiieMtM'  Ser%*»  a/  Mnntiah,  p.  1|. 

HCK    (T.    PICKERIHG)        FRA0TDRE8    AND     DISLOCATIONS. 
Shortly.     Sm  S^riei  of  C/itt-ieai  Manual*,  p.  13. 


piBRIE  (WILLIAM).  THE  PRINCIPLES  AND  PRACTICE  OF  STTR 
QERV.  Id  one  h.-tntl^ome  octaro  roluiue  of  760  pagri,  trilb  3lft 
illiistrationi).  Cluth,  $3  75. 
pLATFAIB  (W.  S  )  A  TREATISE  ON  THE  SCIENCE  AND  PRAC- 
^  TICK  OF  MIDWIFERY.  New  (fourth)  Amerioon  frnm  ihf  ttfth 
EnglbU  edition.  Edited,  wUh  ndJitiooi,  by  R.  P.  Uarri.*,  M.D. 
Id  od«  octavo  volume  of  063  pages,  with  201  woodoata  »nd  ibre« 
pl&tei.  Clolb,  $4;  leather,!^;  hulf  Rusfia.  raiied  baud*.  |5  60. 
Just  rMdy. 

THE  SYSTEMATIC  TREATMENT  OF  NEBVB  PROSTRA- 
TION AND  HYSTERIA.    InonelSiuo.  rolofOTpuKei.    Cloth.  $1. 

pOLITZ£R(ADAM).    A  TKXT-BOOK  OF  THE   KAR  AND  ITS  DI8- 

EASES.     Translated  at  the  Author's  reqaesi  bj  Jame*  PiUterfoo 

Caff^ells,  M.D  ,  F.FP.S.     lo  one  hand^ome  ootaTO  volume  of  600 

pngea,  with  257  original  illustntioni*.     Clo(h,  f  6  60. 
pOWER  (HERBY).     HUMAN   PHYSIOLO(JY.     In  one  ISmo.  rolaa* 

of  306  pages,  wtlh  47  illafitraliuni.     Clolh,  tl  60.     8«fl  5iM<rf#H<«' 

Sfrut  of  MfiHuais   page  14. 
pALFE  (CHARLES  H.)     CLINICAL  CHEMISTRY.      In  one   l2mo. 

volume  of  314  pagoB.  with   HI  itlu^traiious.       Clolb,  $1  AO.     Sea 

StudrnU*  Stn'et  of  ManuaU,  page  U. 
pAUSBOTHAM  (FEANCIB  H.)     THE  PRINCIPLES  AND  PRAC- 
■"    TICE  OF  OBSTETRIC  MEDICINE  AND  SfROERV.   tnonelm- 

perialooiavorolame  ofG40  pages,  wilbA4  plates,  beirldeiniiaieroui 

woodcntflin  the  text.     Strongly  bonnd  in  leather.  47. 
pEM8EN(iaA).  THEPRINCIPLE80F  CHEMISTRY.    Second  edi- 

tioD.  In  one  12mo.  Tolnme  of  240  pagBA-   Clotb,  $1  76- 
-pEYNOLDS  (J.  BUSSELL).    A  SYSTEM  OF  MEDICINE. wHh  Notei 
^    and  Addilionfl.b}'  Hknry  Hartsrorhr,  M.D.    In  three  largo  Sto. 

roll.,  containing  3060  closely  printed  double-columned  pager,  with 

317  illus.     Per  vol.,  cloth,  $5  ^  leather.  $^(  vary  bandiomo  half 

RusHia,  $1  50.      For  soU  Ay  SHhserijttinit  ott/v. 
piCHARDSON  (BENJAMIN  W.)    PREVENTIVE  MEDICINE.    lo 

one   octavo  rolume  of  720  puget.     Clolb,  $4  |  leather,  f  6;  hftU 

Rofola,  16  60. 
pOBEBTS  (JOHN  B.)     THE    PRI>"CIPLES    AND   PRACTICE   OP 

.'^(iRQERY.     In  nne  oolavo  volume  of  about  600  pagti,  fally  illot- 

!  r:itiMl.       Vrfjujriug . 

THE  COMPEND  OP  ANATOMY.     For  uee  In  the  Ditfeoling 

Room  and  in  preparing  for  Examinationi.     In  one  lAmo.  volume  oi 
19ft  pnges.     Ltmpolotb.  75  cent*. 

POBERTS(WILLIAM)  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  Fourth  Ameridui.  from  the  fonrth 
London  edUion.  \n  Qn«-««t-i>uwtititome  8vo.  vol.  of  000  pagM, 
with  81  UlttfttTatWti*.    C\uv\v,  %u  i>^.    Ju»v  nuaflj. 
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QCHAFBR   (EDWARD   A.) 

•^     DESCRIPTIVE  AND  PRACTICAL. 


POBSRTSOH  {J.  McOREOOR).    PHTSIOLOOICAL  PHTSICS.     Id 

one  l3mo.  rolame  of  537  pages,  wilb  210  ill  ultra  tioni.    Cloth,  $3  00. 
8co  StHdgnts^  SfrigM  of  I^i/inttah,  p.  14. 
-DOBS  (JAMES.}    A  TEXT-BOOK  ON  DISEASES  OF  THB  NKRVOUS 
SYSTEM.     Id  one  bnndaomfl  octavo  rolame  of  aboat  700   ftagu 
fuller  illugtrtii«d.      ><hartfy. 

gAROENT  (P.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
*^     OF  MINOR  SURGERY.     New  edition,  with  u  chnptrr  on  Military 

Surgery.  In  one  12ino.  vol.  of  aSSpp  ,  with  187  oat*  Cloth.  $1  76. 
OAVAGE  (GEORGE  H.j  INSANITY  AND  ALLIED  NEllROSES. 
'^     PRACTICAL  AND  CLINICAL.    In  one  I3mo.  volume  of  551  pageB, 

with  18  lypioal  illai>trntion9.    Cloth.  {3  00.    Just  rtady.    See  Striei 

of  Clttiinit  Mitnuiils,  p,  13. 

THE    ESSENTIALS  OF  HISTOLOGY, 
For  the  uee  of  Studeala.     la 
one  hnndfome  octAvo  volume  of  Z4<1  pugei,  with  381  illuvtratinui. 
Cloth,  $2  25.     Ju$t  ready. 
OCHMITZ  AND   ZVHFT'S  CLASSICAL  SERIES.    In  royal  ISmo. 
^     ADVANCED  LATIN  EXERCISES.    Clolfa.AO  oenti ;  half  bound, 
70  oent4. 
SALLUST.    Cloth,  OOoentfl;  hairbonnd.TOoants. 
NEPO.-s.     Cloth,  60  cents;  half  bound.  70  cts. 
VIHIJIL.      Cloth.  S5ceot»;   lii.irbound.  $1. 
CUKTIUS.     Cloth.  80  opnt*;  half  bound,  VOoents. 
OCHOEDLER (FREDERICK)  AJiD  1I1B0L0CK(H£NRY).  WONDERS 
OF    NATUHE.      An    elementary    introduction  to    the  Scieuuei  of 
Phy.'lcs,  Astronomy,  Cheuiifltry,Mtnerulogy,Oeolo^;,  Botany,  Zool- 
ogy und  Pbysiolcigy.    In  one  8vo.  vol.,  with  (179  illas.    Cloth.  t'A. 
OCHREIBER  {JOSEPH).     A  MANUAL  OF  TREATMENT  BY  MAS- 
^     SACK  AND  METUODICAL   MUSCLE  EXERCISE.      Tmnslated 
by  Walter  Mendel^on,  M.D.     In  one  octavo  Tolame  of  aboat  300 
pages,  with  about  123  engravingn.      Preparing. 
OEILER   (CARL).     A  HANDBOOK  OF  DIAGNOSIS  AND  TREAT- 


MENT OP  DISEASES  OP  TUE  THROAT  AND  NASAL  CAV- 
ITIES. Second  edition.  In  one  rery  handsome  ]2ino.  volume  of 
S94  puge*,  witL  77  illustrations.     Cloth.  $1  lb. 

OERIES  OF  CLINICAL  MANUALS  A  seriet  of  authoriUtive  mono- 
grnpbij  on  important  clinioal  subjects,  In  I2mo.  volumes  of  about  5f»0 
piige»,well  illu8lrated.  Tbefollowing  volames  are  jast  ready  :  BuLlin 
on  the  Tongue  (cloth,  $3  50) ;  Savage  on  Insanity  und  .Allind  Nru  rosea 
(cloth,  $3  00),  and  Treves  on  Intestinal  Obatrnctlon  (cloth.  $2  00). 
The  following  will  be  ready  shortly  :  Morris  on  Surgioal  Diseases  of 
the  Kidney;  Owen  on  Surgical  Diseases  of  Children,  and  Pial:  on 
Fractures  and  Dislocations.  The  following  are  in  presjs :  Hutohinpon 
onSypbilifl;  Bryant  on  the  Breast ;  Broadbenton  the  PiiUc  ;  Lucu? 
on  Diseoaea  of  the  Urethra  ;  Marsh  on  Dlaeoses  of  (be  Joints;  Ball 
on  the  Rectum  and  Anus. 
For  separate  noticee,  see  under  various  authors'  names. 

QIMON  (W.)      MANUAL  OF  CHEMISTRY.     A  Guide  to  Lectures 
and  Liiboratory  work  for  Beginners  in   Chemlotry.     A  Text-book 
speciully  adiipled  for  Students  of  Pharmacy  and.  M«Avi\^*.    "V^  **-^% 
8vo,  volume  of  410  pages.  wUU  16  -wooAc^iX*  wxft.  "V  V*'*-^****^*"'*''*'^'* 
of  urtuai  deposits.     Cloth,  %i^  «0.     M»q  'wXW^oh.X  V^*.^** ^  VI.  ^^- 
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In  one  0vo.  vol. 
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o 


QKEY  (FBESEBICC.)   OPERATIVE  SURQERT 

'^      ot  RAI  pngrii.  ivHh  81  woodeutg.     Crntb,  $3  2S. 

OLADE(D.D.)  lUrirniKRIA;  ITSNATURE  ANDTUEATMENT- 
Seconi]  etliliuii.     lu  uiie  rujnl  12)iio.  vol.  pp   1^8.     Clutli,  |.|  3$. 

«MITH   (EDWARD).    CONSITMI'TION  ;    ITS  EARLY  AND  UEME- 

^      DIAULE  STAGES.     Inonc -^ro.  rol.of  253  pp.     Cloth,  $2  2o. 

OKITH(H£MBYH.}ANDH0SN£B(WIU.IAUE.)  ANATOMICAL 
ATLAS.  tUualrative  of  the  «truuture  ufthe  llamuD  Body.  In  nne 
[urge  imperial  H  TO.  vol.,  with  abou  I  ft  50  beautiful  figure*  Clo.,$4  AO. 
MITH  (J.LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY  AND  CHILDHOOD.  Nev  ((ixth)  edition,  rvvised  and 
enlarged.  In  one  largo  Sro.  volume  of  aboat  B&O  pngcv.  wilh 
i  1 1 UH  t  r  II  t  i  on  s .     Short i^. 

OTILIK  (ALFBED).     CHOLERA,  ITS  ORIGIN.  HISTORY,  CAUSA- 

•^  TION.  SYMPTOMS,  LESIONS,  PREVENTION  AND  TREAT. 
MBNT.  In  one  hnndfome  IStuo.  vulume  i>f  1A3  pngvf.  wttb  a.  chart 
showing  roulfg  of  previous  upiileniiCB.     Clotb,  $i  35.     Ju$t  rnxtif. 

QTILLfc  (ALFRED).    TUEUAPEL'TICB  AND  MATERIA  MEDICA. 

^  Fourth  revised  edition.  In  two  huodKniue  oetavn  Toluinefr  of  IU36 
pages.    Clolh,$10;  leither,  $12  ;  very  handsome  half  Ra»Ma,  t  li. 

QTILLE  (ALFRED)  AND  MAISCH  (JOHN  M.)  THE  NATIONAL 
DISPENSATORY:  Containing  the  Naturul  flidiory,  Cbemi^lry, 
Pharrnncy.  Actions  ood  U^ea  of  Medicine;.  Including  iLutt*  rec- 
ognized in  the  PharuaeopuQias  of  the  United  State?,  Great  BritAtb 
and  lieriuuny,  with  numerong  reference*  to  tha  French  Cu4»x. 
Tbir<i  edition,  tboroughly  revii>ed  and  greatly  enlnrped-  In  iin« 
ningniScenl  imperial  octavo  volume  of  1707  pager,  with  31 1  accu- 
rate cngrnviogi!  on  wood.  Cloth,  $7  25  ;  leather,  ralved  bands,  $di 
very  handsome  hali'Rufsia.  raised  bandi  and  open  back.  (9.  Ali*o, 
furniiibed  with  Iteady  Reference  Tbomb  letter  Index  for  $1  tu  addi- 
tion to  price  in  any  of  the  above  styles  of  binding. 
QTIM80N  (LEWIS  A.)  A  PKACTK  AL  TREATISE  ON  FRAC 
TUBES,  In  one  handsome  octavo  volume  of  &8-1  pagei,  with  MO 
beautiful  illnsirations.  Cloth,  94  75;  leather,  S5  75. 
—  A  MANUAL  OF  OPERATIVE  SURGERY.  Newcdiiiga.  In 
one  royal  12mo  volame  of  About  &00  pages,  with  nboal  S60iUut- 
trnliona.     Clotb,  f  2  50.     Shortly 

QTUDEMTS*  SERIES  OF  UARUALS.  A  «erie«  of  GfUen  Manuata  by 
eminent  teachers  or  exaoiiaers.  The  volumes  vill  be  pucket-»it« 
ISiDofl.  of  from  3U0-540  paged,  profuielj  illuetraled,  and  hoa&d  In 
red  limp  cloth.  The  following  volumes  may  now  be  announced: 
Bell's  Cnmparnllve  Physiology  and  Anatomy,  $2  00;  Rvbrrtton't 
Pbyslologiual  Physics,  %l  00;  Gould  6  Surgical  DiiigDotif.  %Z  no, 
Klein's  Elemenlsof  Histology,  $1  50;  Pepper's  Sargicat  pBthi>logy^ 
$2  00  ;  Treves'  Surgical  Applied  Anatomy,  $3  00  ;  Power's  Human 
Phyyitdogy,  fl  &0 :  Ralfe's  Clinical  Chemistry,  (I  60;  Clarke  and 
Lockwoud's  Disseolor's  Manual,  tl  6U  i  and  Brnce's  Materia  Medioa 
and  Therupcv^^Cf,  %\  &Q,  just  reatiy.  The  following  vidumM  are  !n 
presa  :  Ueliumy'6  0v«^»V\^«  ^'4^t,«■5^  ^«.vv«'*^«"^*'«  Medicine, 
and  Cuinowt  Me*\cK\  Xv^^'"^*^  K^^v^^'S- 
For  atpwaf  nol\ce ^i^<^«  ^«^-«  --^^-"'^  "'^^^ 
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QTOKEB    (W.) 
"     Cl..th.$2. 


LECTURES    ON    FEVER.     In  on«  Bvo.   volam*. 


I 


OTUROES    (OCTAVIUS) 

**^     OF  CLINICAL  MEDICINE 


AN  INTRODUCTION   TO  THE  STUDY 

In  one  13aio.  vol.    Clulli.  $1  25. 

mANNER  (THOMAS  HAWKEfi).   A  MANUAL  OF  CLIXICA  L  iMKlH- 

CIJfE  AND  PUYSICAL  DIAONOSIS.    Thirii  American  from  Ihe 

second  revised  EDgHsh  e<lUinn.     Edited  liy  Tilbury  Fox.  M.  D.    In 

one  handdDEuo  ]2mo.  volume  of  'Afi2  pp..iril1i  tllQ8.     Cloth.  $1  50. 

ON  TUE  SIGNS  AND  DKSEASES  OF  PREUNANCY.    From 


theeooond  EnglUh  «(iitiiin<    In  viic  Svo.  vulvmeof  IdOpnges,  wllh 
fonroolorett  plntes  and  numerous  woodonu.    Clotb,  $4  25. 
rPAYLOH    (ALFRED   8.)     MK.TiICAL   JURISPKUDKNCB.      Eighth 
_  Americaa    froui    tenth  Engliiih   ediliun,   speoiitlly  revised  bj  the 

B  Anlhflr.     Edited  by  Jnbn  J.  Reese,  M.D.     In  one  Inrge  octavo 

^^^^vnlnme  of  037  pagoA,  with  TO  illustrationi.     Clotb,  $5;   leather, 
^^^B^tl;  verj  handsome  hiilTRufiMn,  ruived  bftndi,  Sft  50. 
^^S— ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 
I  JI'UISPRUDENCE.     Third  Americaa from  the  third  Loudon  edi- 

B  lion.     In  one  oetnvo  Tulnme  of  768  pogea,  with  104  illuntrntioiif. 

■  Clolh.  $5  50  ;  leather,  $«)  50. 

■  TUE  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  .7DRIS. 

■  PKl^DENCE.    Third  ed.    In  two  handsome  Svo.  vols.  o£  1416  pp.. 
with  Ib8  illoEtratiuna.      Clulh,  $10;   leather,  $13. 

rPHOMAS  (T.  OAILLAED) .    A  PRACTICAL  TREATISE  ON  TUE 
'''     DISEASES  OF   WOMEN.     Fiflh  edition,  thorooi^blj  revised  no 

rewritten.    lu  unelargr  and  handaome  ootavorolumeuf  BlU  pagef, 

with  SAOillastrutiooi.    Clotb,  $5;  UAthtr,$0;  TtrybaDd^ome  half 

Ru««ia,  $6  50, 
mHOMFSON(SIBHEnBY).  CLINICAL  LECTURES  ON  DISEASES 
^     OF  THE  URINARY  ORGANS.     Second  and  reviKd  «diiion.    lo 

one  octavo  volame  of  303  pagea,  wUh  illuvirationc.  Cloth,  $2  2b. 
rjiHOMPSON  (SIR  HEKRY).  THE  PATHOLOOY  AND  TREAT- 
•*-      MENT  OF  STRICTURE  OF  THE   URKTHRA  AND  URINARY 

FISTULA.     From  the  third  Englifih  edition.     In  one  octavo  voL 

ame  oT  3&U  pagUt  with  illuntrnttDnn.     Cloth,  %S  50. 
rpXDY    (CHARLES  UEYMOTT).     LEGAL  MEDICINE.     Vulnmei  I 

and  II,     Two  imperial  octavo  volumes  oontaining  1193  pagef.  with 

3  colored  plates.     Pervolame,  cloih,  $6;  leather,  $7. 
rpODD  (ROBERT  BEin-LEY).  CLINICAL  LECTURES  ON  CERTAIN 
''■     ACUTE  DISEASES.    In  oneSvo.  vol.  of  321)  pp.,  cloth,  $2  50. 
rpEEYES  (F.)      SURGICAL    APPLIED    ANATOMY.     In  one  12mo. 
^     volume  of  540  pages,  with  CI   illuntratioD?.      Cloth,   $2  OU.      Sea 

StHi/titta^  t^fric$  of  Manuals,  pnge  14. 
ipEEVES  (FREDERICK).     INTESTINAL  OBSTRUCTION,     In  on* 
'''     12mo.  volume  of  532pnge«,  with  fiO  illiutratlous.    Cloth*  t2.    Jh$i 

reatiff.     See  Serita  ef  CUnienl  Alatiuait,  p.  lU. 
fJTUKE  (DANIEL  HACK).  THE  INFlil3V.^CY.QY  IWY.  ViV^VV.-^^-^. 

with  2  colored  plates.      Clotb.  $%. 
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TTI8ITIH0  LIST.    THE  MEDICAL  NEWS  VISITING  LIST  for  I88fi. 
Accommodate*  record  of  proi^tloe  of  30  pstieatrf  per  Jmy.     Hand- 
somely bonod  in  limp  morocco,  wallet  form,  with  taek  aod  peaeil, 
$1.    To  ndr&Dce  pacing  sabicribera  to  The  Medical  Newt,  76  eentf- 
ntTALSHE  (W.  H.)     PRACTICAL  TRKATISE  ON  THE  DISEASES 
"''    OFTIIEIIEAHT  AND  OREAT  VESSELS.   Sd  Amerioui  from  the 
3d  rcvi^trd  London  edition.   InoneSro.  toI.  of420p&gei.  ClutU.fS. 
TTtTATSON    (THOMAfl).     LKCTUKE8  ON  TUK  PHINCIPLKS  AND 
•"   PRACTICE  OF  PHYSIC.     Anew  Amerioftnfrom  the  fifth  and  en- 
larged  English  edition,  wtth  additions  by  U.  HurUhorne,  M.D.    la 
twoUrgerivo.Tols.of  IS-IO  pp.,  with  IdOcnU.    Clo.,|9;  leu., $11. 

WELLS  (J.  80KLBEHO).  A  THKATISK  ON  THE  DI.SEA6ES  OF 
''*  THE  EVE.  Fourth  edition,  thoruughly  revined  by  Chai.  S.  Bui!, 
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